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FUNCTIONAL ORGANIZATION OP THE SPINAL CORD 
DAVID P C LLOYD' 

Lahoraiorta of The Itoekefeller InatUuU for Medical Heuasxh Neie I ork 

The last decade has witnessed a major change m experimental approach to the 
1 problems of spmal cord function InvesDgation has turned from mjographio 
analysis of the reactions of peripheral eSectora to the direct study, by eleotromo 
methods, of the spinal cord itself and its peripheral nerve paths Attention has 
been directed to the fundamental properties of neurons and of synaptic regions, 
and also to the functional architecture of the spmal mechanism as it appears when 
played upon by various systems of reflex and higher control 

Recent developments in the study of nervous orgamaation owe their measure 
of success to precise tinung of events made possible by high speed, high fidelity 
recordmg methods, and to precise spatial locahration of activity made possible 
by the development of refined microelectrode teohmque 

The central nervous system consists of primary afferent fibers, which transmit 
impulses from the periphery, motoneurons, which transmit impulses to the 
penphety, and mterneurona connected m complex patterns with the afferent 
neurons and motoneurons Potentially, activity entering the central nervous 
system by any given neuron path is capable of mfluencmg by more or lees devious 
routes every other neuron therem In prachco one finds a rather high degree of 
“local sign” attending reaction withm the nervous sjatem, a fact exemplified by 
the cortical response to tactile stimulation at a given penpheral locus (2), or the 
precise fractionation of the mtnnsio spmal mechanism by various descending 
systems (36, 38) In addition to the spatial relations of a given response there 
are charactenstio temporal relations between a stimulus and its action at a given 
pomt. An accurate accountmg for the overall latent period for a given response 
is essential tor an underatandmg of the pathway through which the response is 
mediated 

Stnaptic and nuclear delay At firat sight pools of neurons seemingly 
behave m a fundamentally different manner when activated by synchronous and 
asynchronous presynaptic activity In the former case Lorente de N6 (47, 48) 
and others have shown that transmission occuis with a relatively fixed synaptic 
delay and total latency equals m tune the sum of conduction time and synapbo 
delays It is only m the simplest paths that such a recLonmg represents the true 
state of affairs A much longer delay is encountered at sjuaptio regions when 
activation rcsuhs from a statistically smooth wanng and wamng barrage of im 
pulses This longer time mterval may be dcagnated nuclear delay (30, 38) A 
clear understandmg of the defimtions and imphcations of the terms synaptic 
delay and nuclear delay is a useful preliminary for discussion of the problems of 
neural orgamiation 

' Now at the Laboratory of Physiology, Yale tjniveralty School of Medidne New Haveo 
Connecticut 
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The concept of sjTiaptic delay introduced by Sherrington m as quite adequate 
to, and m fact did, cover both types of delay recognized by contemporary descnp- 
tion When Lorente de ISTd revealed the relatively fixed penod of tune lost by 
vutue of transmission through a smgle synaptic region under conditions of near- 
ideal sjmchronization, a nen concept of synaptic delay ivas mtroduced At the 
present time, and from a purel}’' operational standpoint, synaptic delay is defined 
as the difference m time between transmission over a pathwaj’’ of given length 
mvolvmg a synaptic relay, and transmission m a simple axon of equal length that 
has the properties of the parent presjmaptic fiber for an equivalent length, and 
those of the postsynaptic fiber thereafter (cf 57, p 262) The minimum synaptic 
delay so defined m several alpha-tempo systems amounts to 0 5 to 1 0 msec Such 
an mterval of tune is, however, a formal ^maptic delay and mcludes tune devoted 
to 'extrasynaptic’ events, conspicuously conduction m the fine termmal branches 
and endmgs From a theoretical pomt of view S3maptic delay may be defined as 
the tune mterval between the amval at the sjnapse of the last presynaptic im- 
pulse necessary to secure transmission and the onset of the resultmg postsynaptic 
action Once a full accountmg is made for all the factors contnbuting to the 
so-called minimum synaptic delay it seems possible that ssmaptic tune m the 
stnctest sense will prove vanishingly small 

Frequently impulses from a given source may impinge upon a motor nucleus for 
several milliseconds before motor discharge results Thus following stimulation 
of the brachial plexus excitatory impulses enterthe motoneuron pools of the lumbar 
enlargement 2 to 3 msec before the motoneurons discharge Dimng this 
mterval the excitation of the motoneurons is subliminal, but progressively greater, 
as tested by direct (two-neiuon-arc) reflex excitation, until discharge finally 
occurs Smce the term sjmaptic delay m current concepts is descnptive only of 
the relatively fixed time mterval discussed above, it can no longer be used m the 
older sense to mclude the penod of mcreasmg excitation leadmg to discharge 
(cf 15) For this penod the term nuclear delay has been mtroduced (38) 
Nuclear delay maj’^ be defined as the tune mterval between the amval at the 
synapse of the first presjmaptic impulse to the onset of postsynaptic action 
Under the condition of ideal synchronization of a given presynaptic volley it is 
clear that synaptic and nuclear delay would have identical values 

Smce there is good reason to beheve that successive impulses m the same pre- 
synaptic element are mcapable of summation (46), nuclear delay is to be con- 
sidered as a manifestation of the combmed activity of a number of presynaptic 
umts asynchronously active Even so, by rotation of elements, repetition of 
presynaptic action may contnbute to the nsmg level of excitabihty over a penod 
of tune 

The concept of nuclear delay is of the greatest importance m studies on func- 
tional organization smce the amval of the first unpulses at a given pomt rather 
than the amval of the last unpulses defines the ‘characteristic’ pathwaj*- to that 
pomt from the site of ongm of the transmitted activity In short, central 
latency is equal to the sum of conduction time and nuclear delays (38) 

The local sprN\.L mechanism Although it is frequently regarded as such. 
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the local Bpinal mechanism is not stnctly speakmg a segmental structure, for the 
reflex collaterals from anj given dorsal root ramify over a number of neighbonng 
segments Then too the mtemeurona supphed by a given dorsal root reach out 
to the white columns to embrace ti^ether a number of segments (7, 62) The 
reflex discharge through this mechanism, obtamed bj sm^e shock stimulation of 
a dorsal root while recording from the ventral root of the same segment or a 
n eigh boring segment, displays a promment mttinl peak, which is transmitted 
throng arcs of two-neurons, i e , directly from primary afferent fiber to motoneu- 
ron (13, 64) This peak is followed by an irregular discharge elevation of some 
10 msec duration, which is transmitted through multineuron arc pathi\a3S 
The two-ncuron-arc reflex is more circumscribed than is the multmeuron arc 
reflex (41) ahich lends the additional weight of functional evidence to support the 
concept of cucumscnbed and diffuse reflex mechanisms proposed by Cajal 

It IS impossiblo from ventral root recordmgs to know the peripheral distribution 
of the several components of the reflex discharge through the local spinal mecha 
mam So too, on stimulation of a dorsal root, fibers of many sensory modahties 
are activated together m unnatural combmation Therefore, the reflex dis- 
charges so obtamed and recorded are of anatomical rather than of functional 
significance, they contam the elements of a number of ipsilateral reflexes, arti 
ficially admixed One of the major problems m spinal orgamiation has been the 
resolving of the local spinal reflex discharge into its functional components 

Associated with activation of the local spmal mechanism are ‘slow* potentials 
which may be recorded by means of electrodes placed on or withm the spmal cord, 
or by means of electrodes placed m close prccomity to the cord on its associated 
dorsal and ventral roots The analysis of these slow potentials provides one of 
the most difficult problems of neurophysiology and one which, on the basis of 
published work, has been accorded little cntical attention From the standpomt 
of the problems under discussion, experience has shown that the slow potential 
signs of activity are so widespread and so little understood as to be of httle use m 
locating the active elements under any given conditions of excitation Fortu 
nately the use of refined microelectrode techmque has never failed to reveal the 
presence of localised discrete spike potentiais durmg the course of mduced 
activity, even m the cerebral cortex where the existence of discharges of spike 
dimensions is rarely recognised 

The conbittotion ot aiteeent neeves The dorsal roots contam fibers 
varymg from appronmately 20 micra to 1 micron m diameter (01) It has been 
found that only the largest of these, from 20 to 12 or 13g, hai o direct connection 
with the motoneurons (39) The medium and small fibers of the dorsal roots 
contribute exclusively to the muHmeuron-arc reflex discharges In the penph 
eral nerves major segregationa of fibers occur, and these are of great reflex 
significance. The largest fibers are found only among the afferent fibers from 
muscle (61, 14, 62) In harmonj vnth these histological observations is the fact 
that two-neuron are reflex discharges are prov oked bv stimulation of muscle 
afferent fibers and not bj the stimulation of cutaneous nerves (39, 41) Medium 
sue fibers (12-Cn) are found most prommentlj m cutaneous nerves (61, 14, 21, 63) 
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but are also present m muscle nerves The finer myelmated fibers, those usually- 
spoken of as delta fibers, agam are to be found m both muscle and cutaneous 
nerves, bemg more promment m the latter Another group, consistmg of un- 
my^ehnated fibers, ma3’^ be mcluded, for these are of proven reflex function (8, 4) 
The umnyehnated fibers form an impressive fraction of the -total fiber count of a 
sensory nerve 

The mvotatic reflex E-vidence has novr accumulated to show that the 
reflex response to stretch is mediated through arcs of two neurons (39, 41, 42) 
One important characteristic of the myotatic reflex is that it appears only m the 
muscle or part of a muscle subjected to stretch (66, 33) Likewise it is a charac- 
teristic of the two-neuron-arc reflex that it appears only m the penpheral muscle 
nerve subjected to stimulation, it does not appear m other motor nerves nor m 
the nerve to one head of a muscle, the nerve to the other head of which is stimu- 
lated (41) Other experiments utilizing natural stimulation (42) have sho-wn 
that the afferent response to stretch is transmitted m fibers of high conduction 
velocity (116 M per sec ) and therefore of large diameter Furthermore, it has 
been shown -that the reflex response to sudden stretch is transmitted -with but a 
smgle synaptic delay The demonstration that a reflex evoked by a natural 
adequate stimulus is transmitted with no more central delay than that required 
for transmission of the segmental two-neuron-arc reflex resultmg from dorsal root 
stimulation should dispose finally of any fears that the two-neuron-arc reflex is 
by nature an artefact, or that excitatory events other than the detonator action 
of impmgmg afferent impulses must an-tecede normal reflex transmission 

Two-neuron-arc reflex discharges are -to be found also m association vTth flexor 
muscle pathways The conditions for recordmg such discharge are precisely 
-those obtaimng m the case of extensor muscle pathways (41) The reflex repre- 
sented by such actmtj'- is best kno-nm as the ‘pluck’ reflex or flexor tendon-jerk (1) 

The flexor reflex While the reflex effect attendmg stimulation of the low 
threshold muscle afferent fibers is confined to tvo-neuron-arc pathways, -the 
reflex discharge foUowmg stimulation of the medium and small myelmated fibers 
of either cu-taneous or muscle nen^es has all the attributes of the multi-neuron-arc 
discharge as encountered m the segmental reflex In distnbution the resultmg 
reflex discharge is largety restncted -to the motor nerves of flexor muscles, and 
represents the flexor reflex The shortest pathway for transmission of this reflex 
discharge mvolves an mtercalated neuron between the primary afferent fibers and 
the motoneurons (41) Until recently it has been supposed that direct connec- 
tions between afferent fibers and motoneurons serve flexor reflexes as well as 
stretch reflexes In consequence the functional significance of the circumscnbed 
and diffuse reflex mechanisms as conceived by Cajal from histological evidence 
has been overlooked It is now clear that the direct and reStncted two-neuron- 
arc pathway (the circumscnbed reflex of Cajal) serv-es to limit to the muscle 
stretched the excitatory reflex field of action of the afferent influx from tension 
receptors In contrast, the mtemeuron mtercalated m the minimum flexor 
reflex pa-thways pro%'ides the structural mechanism of msurmg the diffusion of 
the flexor reflex to manj' or all the synergically actmg muscles (the diffuse reflex 
of Cajal) 
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One of the most mterestmg problems awaiting solution is that of relating the 
sensory modalities and reflex effect. It appears that even the largest fibers In 
cutaneous nenes, uhen stimulated, contribute to the flexor reflex, as do the 
smaller fibers of the delta group The flexor reflex is customarily regarded ns the 
response to painful stimulation, although final justification for a specific relation 
ship IS not yet available There seems to be general agreement that delta fibers 
carry pam produemg impulses (cf 19), but Zotterman’s e-xiienments with touch 
stimulation (76) mdlcate that delta fibers cany touch ns well as pain If all the 
delta fibera contribute to the delta flexor reflex, It follows that touch as well as 
pain can promote flexion of the limb, but there is no certam evidence that this is 
the case 

Again , m summarizing the expemnental evidence relative to pain fibers, 
Gasser (19) finds mdications that there must be some fairly large-sized pam 
fibers Such fibers may account for the flexor reflex obtamed by weak stmiula 
tion of cutaneous nerves, but since the range of fibers above delta accommodates 
temperature and pressure fibers, it is impossible to saj what modahties are 
represented m a stimulated \ ollev relayed from afferent fibera mto the flexor reflex 
connections A partial solution to theee problems might be forthcommg if it 
irere known to what extent the medium and small myelinated afferent fibers, by 
collaterals, feed mto the local reflex mechanism 

Smular problems attend the correlation of sensory modalities represented by 
the medium and small afferent fibers arising m muscle with the reflex effect of 
stimulating these fibers (flenon) Presumably some of these fibers m certam 
situations are concerned wrth the mediation of the lengthening reaction 

The extensor thruett and reflexes of chobsed extension At the present 
tune there is httle systematic knowledge of the central mechanism of these t« o 
reflexes It is known from the work of Sherrmgton (02, 03, 04, 00), that the 
afferent pathway for the extensor thrust reflex is contamed m the plantar nerves, 
but stimulation of these ner\ es evokes only fluxion (06) and discharges mto flexor 
nerves There is good reason for stating that the extensor thrust (41) and the 
crossed extensor reflex (60) me both transnutted through multi neuron-aro path 
ways, but certain knowledge of the minimum pathway and relaj points is not as 
yet available In the case of the uxtensor thrust it would seem that this know! 
edge will only be obtamed by the use of natural stunulation. 

Aonvrrr in long spinal reflex pathways Eeflex action from foreUmb to 
hmdhmb is mediated conspicuously by the long spinal fibers desonbed by 
Sherrmgton and Laslett (07) In chrome spmol animals the mtrinsic mecha 
nisms of the spmol cord max be studied m isolation from the extrinsic mechanisms 
by virtue of degeneration of the latter Direct stimulation of the \ entrolateral 
tracts m such preparations shows that the long spinal fibers of the I'cntrolateral 
columns conduct impulses at alpha velocity, and that these impulses are relayed 
mto the short spinal fibers of the ventrolateral columns (43) The relationship 
of long spmal fibers and short spinal fibers, then, is similar to the relationship 
between supraspmal (bulbospinal) fibers and short spinal fibers (34, cf below) 
Additional mformation as to the activity of the spinal system has been gamed by 
reflex activation of the system rather than by direct stimulation of the tracts 



6 


DATTD P C LLOYD 


themselves (38) When activated reflexly, the discharges descendmg through 
the spmai sj^stem possess the diffuse waxmg and wamng nature of nuclear dis- 
charge m contrast to the synchronized volley resultmg from direct stimulation 
Aboral transmission of the activity evoked by reflex stimulation on one side of 
the body mvolves mtrmsic spmal tracts of both halves of the spmal cord, mdicat- 
mg a free decussation withm the brachial field of the cord Activity eventually 
reaches motoneurons of the lumbar region by stnctly ipsilateral paths, by crossed 
paths, and by the recrossmg m the lumbar region of crossed activity, due to the 
free yokmg of the halves of the cord m the lumbar enlargement The lateral 
columns are concerned with stnctly unilateral transmission The ventral 
columns subserve bilateral as well as unilateral transmission The dorsal 
columns appear not to be of primary importance 
IntemunciaJ activity, resultmg m the lumbar enlargement from afferent volle}^ 
to the cervical enlargement, is confined to the ventral horn Conspicuous among 
the active neurons are those constitutmg the nucleus of the antenor commissure, 
which fact IS m harmony with the observed degree of importance to be attached 
to crossed conduction of long spmal reflex activity 

Some motoneurons of the lumbar enlargement are inhibited at the calculated 
tune of amval of the first long spinal impulses at the site of action With the 
onset of mtemuncial activity m the ventral horn of the lumbar enlargement 
certam two-neuron-arc reflexes are facihtated and, after a few nulhseconds nuclear 
delay, motoneurons begm to discharge m response to the long spmal reflex 
excitation 

The Schiff-Shemngton phenomenon provides an mterestmg and somewhat 
perplexmg instance of long spmal action m the ascendmg sense (69) 

Ascending projection systems Many papers are to be found dealmg with 
the cortical response, cerebral and cerebellar, to stimulation of peripheral nerves, 
or to natural stimulation, superficial or deep, but only m a very few cases has any 
attention been accorded the spmal mechanism mediatmg the cortical response 
The dorsal columns The mean maximal conduction rate of impulses ascendmg 
through the dorsal columns approximates 70 M per sec (25) Smce many 
afferent fibers conduct impulses at rates approachmg 120 M per sec (42) either 
a selection of neurons or a change m conduction properties occurs soon after the 
dorsal root fibers reach the postenor columns Gasser and Graham (20) de- 
scribed the slowmg of velocity takmg place withm a few centimeters of the root 
entry, and attributed it to decrease m diameter of the axons after givmg off 
collaterals to the gray substance While this is undoubtedly the case, it is well 
to bear m mmd the possibility that the dorsal columns contam significant selec- 
tions from among the fibers of the dorsal roots, the largest fibers perhaps extend- 
ing only far enough to plunge m to the Clarke-Stilhng nuclei 

The long tracts of the dorsal columns tenmnate m the nucleus gracilis and 
nucleus cuneatus The outstandmg feature of transmission through the nucleus 
cuneatus is the pov erful ‘one-to-one’ relay to the medial lemniscus (70) Activity 
of more complex ongm is also present m the medial lemmscus, part of which may 
be ascnbed to the ascendmg homologue of the dorsal root reflex descnbed by 
Hursh (30) All except the mitial relay is easily inhibited by repetitive activa- 
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tion, inth the end result that transmission of a tetanio senes through the nucleus 
cuneatus takes the form of a senes of synohromied ‘jets’ into the medial 
lemniscus 

The donal spmo-cenbeUar (Flechtig'a) aysiem According to the analysis of 
Giundfest and Campbell (26) the origin of Flechsig’s tract m the column of 
Clarke receives further confirmation The tract fibers reach out from the 
column of Clarke to the dorso-lateral surface of the lateral column and ascend 
to the medulla as a flat nbbon of fibers For further detail of the fine structure 
of this tract the important paper of Sherrington and Laslett (68) should be con 
suKed. Gnmdfest and Campbell (25) find that Fleehsig's tract is activated by 
stimulaljon of musde afieient fibeis, but not by stimulation of skm afferent fibers 
This fact would suggest that the large afferent fibers which are responsible for 
transmission of the stretch reflex (41, 42) and the direct inhibitory actions of 
dorsal root fibers (39) also supply the cdls of Clarke’s column There seems to 
be no reason to suppose that distin ct afferent fibers supply the stretch reflex and 
the propnoceptive projection to the cerebellum, and m all probablhty by collat- 
eral coimectlon Flechsig’s tract is activated part paeau ivrth stretch reflexes 

It IS important to recall the observation of Schafer (60) that lesions mvolvmg 
the pyramidal tract (and presumably other descendmg fibers) result m the appear- 
ance of large numbers of degenerated fibers "passmg from the pyraimdal tract 
(below the lemon) towards Clarke’s column, curving round the ventral aspect of 
the section of that column and loemg themselves as fine (probably bmnchmg) 
fibres amongst its cells ” In general, Schafer’s viewpomt is so stnkingiy con 
firmed by recent functional studies on the pyraimdal tract (36), that one must 
consider the mterestlng possibility that higher (i e., descending) systems which 
infiuence the tendon j^ks may also influence the ascending concomitant of the 
tendon jeric at its pomt of relay in Clarke’s column. The possibility would ap- 
pear to merit careful mvcstigatlon 

Impulses m Fleehsig’s tract are conducted at hig^i velocities by large fibers 
(cf 26, 26), with the result that they soon outstrip dorsal column impulses evoked 
in parallel, but not sunilarly subjected to synaptic relay with consequent loss of 
time (26) The earhest components of the cerebellar response to stimulation of 
a mixed nerve (tibial) are transmitted through Fleehsig’s tract for section of it 
blocks them ’The late comjjonent of the cerebellar resjionae, m contrast is not 
so blocked, nor is the (late) resjxiiiso provoked by stimulation of the purely 
cutaneous saphenous nerve Presumably the late component resultmg from 
stimulation of the tibial nen e is the result of stunulation of the cutaneous afferent 
fibers m that nerve In this connection it is of interest that a number of workers 
(11, 25, 12, 69) have recently reported cerebellar resjionses to stimulation of skm 
nen es or to natural tactile stimulation. Grundfest and Campbell a results show 
that the cerebellar response to stimulation of cutaneous afferent fibers is mediated 
by some other than Flechsig’s tract 

Other atcendtng eyetema Little is known, or may be conjectured ns to the 
functional aspects of other ascending systems of the spinal cord. Mam such 
sy-stems consist of fine fibers, which places difficulties m the path of mv estigation 

In a recent paper, Cooper and Sbemngton (9) describe chromatolvsis of large 
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cells scattered along the margin of the ventral horn following contralateral 
hemisection m the cervical or thoracic cord Tover, Bodian and Howe (73) 
likewise foimd chromatolysis of the ‘spmal border cells’ after isolation of a seg- 
ment of the spmal cord According to the evidence of Cooper and Shemngton 
the spmal border cells give rise to an ascending decussatmg tract which they 
interpret to be Gower’s tract (ventral or indirect spmo-cerebellar tract) Smce 
Cooper and Shemngton find some chromatolj'sis of the crossed Clarke’s column 
it IS still possible that this column contnbutes a part of the inflow to the tract 
of Gower 

Descending projection systems The venirolaieral descending tracts The 
projection through the dorsal longitudmal bundle to the ventrolateral columns 
of the cord denves largely from the vestibular and reticular nuclei The major 
influences mediated through this system, conveniently termed the bulbospmal 
correlation system, are vestibular (and cerebellar) m ongm 

The tract fibers of the bulbospinal correlation system are rather uniform m 
size and possess a high conduction velocity, as judged by the absence of dispersion 
m a volley of impulses conducted from the dorsal longitudinal bundle to the 
sacral cord, a distance of some 30 centimeters (34) The bulbospmal fibers when 
activated m isolation have relatively httle direct action upon the motoneurons, 
but do exert a powerful dnvmg force upon the large fiber short propnospinal or 
mtnnsic spmal neurons of the ventral hom Impulses from the long tracts are 
relayed, apparently at all levels mto the ventral hom mtemeurons (short spmal 
neurons) which m turn play powerfully upon the motoneurons Backmg up this 
powerful three-neuron pathway from the medulla to the penphery is a wealth of 
asynchronous mtemuncial discharge, probably confined to the ventral hom, 
which by “reverberatmg” onto the short spinal nuclei, provides for the observed 
powerful facihtation of those nuclei with the advent of repetitive stimulation 

Motoneuron discharge resultmg from the convergence of tract volleys imtiated 
m the bulbospmal system and local mtemuncial activity resultmg from s imil ar 
volleys 18 controlled m tune by the action of the short spmal neurons On the 
other hand, w'hen the same tract volle 3 ’B converge with mtemuncial activity 
denved from primary afferent volleys, all other conditions bemg equal, moto- 
neuron discharge advances from the control of the short spmal neurons to that 
of the primary tract fibers, and the direct functional pathway from the tract 
fibers to the motoneurons supersedes the mdirect pathway through the short 
spmal neurons The available evidence unfortunately does not permit one to 
say whether the motoneurons controlled by the direct tract action and those 
controlled through the short spmal fibers supply muscle of the same or of opposed 
action The significance of the experimental findmg accordmgly is obscure If 
the motoneurons discharged m each case are of different, and perhaps reciprocal, 
function, then it seems probable that the actions just descnbed provide an es- 
sential mechanism for the production of rhythimc altematmg activity contmu- 
ously under the control of a smgle projection system 

The 'pyramidal system The pyramidal tract consists of those fibers descendmg 
through the medullaiy pyramid to the spmal cord (cf 74, 17, 48) It is, com- 
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pared with other tracts that have been studied, a pathway of slow conducbon 
velocity, at any rata- in the cat The upper limit of the range of conduction 
velocities hes between 60 and 66 M per see Velocities as low as 18 M per sec 
may be assigned to pyraimdal tract fibers with reasonable certamty Assummg 
that the diameter veloaty relations descnbed for penpheral nerve fibers (21, 29) 
hold for fibers m the central nervous system, it is likely on the basis of histological 
evidence that fibers of still slower conduction velocity are represented, but their 
presence has not been demonstrated uneqmvocally by means of recorded action 
potentials 

On Btunulabon of the medullary pyramid, after smtable precautions to prevent 
impulsea in any tracts other than pyramidal from entermg the spinal cord, it is 
found that mterneurons at the base of the dorsal horn immediately adjacent to 
the pyramidal tract become active (cf the conclusion of Schfifer based on the 
evidence of degenerations (60)) The discharge of this nucleus by Bingle shock 
stimulation of the pyraimdal tract is insufficient to provide further spread of the 
activity, for no other activity is found on careful explorabon with a micro- 
electrode, nor are local reflexes m any way influenced. With repetitive stimu- 
lation activity IS mtensified and spread to other nuclei occurs When the system 
is fully active intemuncial responses are confined to the dorsal horn and mter 
mediate re^on The arrival of ewatatoiy impulses at the mtermediate region is 
accompanied by facihtation of three-neuron are (i e , flexor) reflexes, without 
any parallel effect upon motoneurons observable. It is only after a nuclear 
delay of several milhseconds that discharges withm the mtermediate region occur, 
and facihtation of motoneurons parallels this discharge m the mtermediate region. 
From this evidence it would appear that the primary action of the pyramidal 
fibers, active m isolation, is on the flexor reflex arcs. 

Coritcotptnal tffecU Activity transmitted mto the spmal cord directlj 
through the pyramidal tract forms only a part of the total effect in the spmal cord 
of atimulatmg the pencruciate area of the (cat’s) cerebral cortex. Tower (72) 
for instance, has descnbed actions, both motor and mhibltory, on stimulating 
the pencruciate area (and other areas) after section of the raeduUatj pjTamids, 
and suggests the possibility that the reticulospmal tracts are mvolved m media 
tion of these extrapyramidal actions 

One of the most strikmg sequelae of smgle shook stimulation of the motor 
cortex of the cat is the widespread activation of the reticular formation after a 
latency of approximately 4 msec (43) The exact pathwaj from cortex to 
reticular formabon is not yet known but on the basis of time relabons it is qmte 
direcb The rebcular aobvity is m turn projected by high velocity tract fibers 
to the ventral horn of the spinal cord It foflows, then, that corbeal control of 
the dorsal and ventral halves of the local spinal mechanism is dissociated at a 
prcspmal level, impulsea to the dorsal half bemg directly conducted by the 
pj-ramidal fibeia themselves, those to the ventral half being relayed by rebcular 
elements A simple caloulabon based on the known conduction rates and delays 
m\ olved shows that cortically evoked activity through the rebcular rela>'s would 
reach the local spmal mechanism coincidentally with and earlier than the directly 
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conducted pyramidal impulses proper There is, then, the further possibihty 
that cortical impulses and vestibulo-cerebellar impulses converge at the prespmal 
level, and then b}- the high velocity projection system ‘set the stage’ for the play 
of the pj-ramidal impulses amvmg through the slower conductmg P3rramidal 
fibers 

Alpha fiber systems aiid postural control Considerations such as that 
aboi e seiY e to emphasize a correlation which seems of great potential significance 
(18, 19) The myotatic reflex pathway, and its associated projection through 
Flechsig’s tract to the cerebellum, the vestibular and reticular systems and the 
dommant descendmg long spmal reflex pathways all have several dynamic proper- 
ties m common They are charactenzed by the large size, high conduction 
^ elocity and relative uniformity of their constituent nerve fibers, and they are all 
pnmanljr concerned with the transmission of postural activity In contrast, 
other reflex, afferent and motor systems, those mediatmg flexor reflexes, cutane- 
ous sensitmtj and voluntary motor activity are charactenzed by diversity of 
fiber size, mth the largest fibers not overlappmg to any great extent the range 
present m the postural mechanisms In general too the synaptic connections of 
these sj’stems are more devious and complex than those of the postural mecha- 
msms One is tempted to speculate on the functional significance of these facts 
for the integration of movement m the mtact animal It seems qmte plausible 
that the function of the high velocity systems set m parallel with other paths is m 
part to antecede those paths m temporal sequence of action and so to adjust 
posture to a state appropnate to the mitiation of movement m readmess for the 
actual performance of that movement 

Inhibition Perhaps the thorniest of all problems connected with the study 
of nervous orgamzation is that of clanfymg the mechanisms of inhibition In 
general theones of mhibition postulate either a block of some part of the reflex 
pathway as the sequel to discharge or an inhibitory action of a direct nature for 
w'hich the protot5TDe is the long known vagal effect on the heart A theory (22) 
but recently expanded by Gesell (23) holds that there is a constant flow of current 
between dendntes and axon hillock, and that the action of impmgmg impulses 
(all presumably alike) is to mcrease or decrease the flow of current dependmg 
upon the anatomical relationship between the active synaptic knobs and the 
sei eral parts of the respondmg neuron Dependmg upon the change m the cur- 
rent flow, either mcreasmg or decreasmg, the neuron is excited or inhibited 
Barron and ^Matthews (3) have suggested that polanzation of axon junctions by 
adjacent actmty may proi e to be a true mechanism of central inhibition 

Hughes and Gasser (28) and Gasser (18) pomt out that the subnormal penod, 
discoiered first m nerve by Graham (24), would account for the inhibition of 
the flexor reflex to the second of two successive smgle shock stimuh (16) In 
the same vem, Lorente de Nd (45) showed that a group of motoneurons, after 
antidromic activation, exhibit a prolonged penod of subnormahty, an event 
sufficient to account for the silent penod foUowmg the transmission of a tendon- 
jerk reflex An important consideration for the occurrence of inhibition bj'- the 
mten'ention of the subnormal penod bes m the. necessity for other than syn- 
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chronous convergence of mteraotmg volleys, which event eciens paribua would 
lead to summation 

Following the demonstration by Hughes and Gasser (28) that the negative 
cord potential, signalling the activity of mterneurons, and the reflex discharge 
to the second of two successive volleys are decreased m n parallel manner along 
a time course which foDows that of the positive cord potential resultmg from 
the first volley of the pair, McCouch, Hughes and Stewart (51) discovered that 
crossed inhibition of the flexor reflex may occur with httlo or no inhibition of 
the cord potential as recorded from the dorsal sumacs of the spmal cord, which 
fact leads them to the conclusion that inhibition in that case occurred at the 
motoneurons without conditioning by previous activity of the umts mvolved 
Although this indeed may be the case, there is no evidence as j-et bj which to 
exclude other than direct inhibitory actions To mterpret the expenmenta of 
McCouch, H ughes and Stewart it would seem important to know whether all of 
the mterneurons which am required, m one way or another, for the transmission 
of the flexor reflex contribute sufficiently to the cord potential that their response 
may be assessed by inspection of the cord potential. It does seem likely that the 
expenmenta of McCouch, Hughes and Stewart preclude the possibihty of crossed 
inhibition of the dorsal horn, whatever the mechanism, as the essential event m 
crossed inhibition of the flexor reflex, at least under the conditions m which the 
cord potential is not reduced with the reflex 

Although it is valid to associate the native mtermediarj potential and the 
flexor reflex, for the afferent components ginng rise to the two e\ ents are sunllar 
(41), whether the association is one of casual relationships or of parallel relation- 
ships IS not clearly defined by experiment Penpheral stimulation which gives 
rise to reflex flexion also gives rise to sensation, usually but not of necessity said 
to be painful There is seemmgly no evidence upon which to state unequii ocally 
whether the mtemunouil activity represented by the negatiia mtermediarj 
potential is primarily concerned with mediation of the flexor reflex or with media 
tion of sensation proi oking impulses to ascendmg projection systems 

Several examples of direct inhibition recently have been discovered, m each 
case the condition for the onset of inhibition bemg sunultaneous convergence 
of tho mteraotmg x oUeys As first descnbed, a smgle afferent \ ollej in the sixth 
lumbar dorsal root was found to inhibit the two-neuron arc reflex eioked m the 
first sacral ventral root bj a smgle volley m the first sacral dorsal root n hen tho 
two dorsal root volleys were synchronised (36) Other examples of this form 
of central inhibition have smee been disclosed (60, 38), and with one exception 
tho inhibitory action has been imilatcral and ipsdateral Tho exception was 
found in exponments on the third sacral segment m which a dorsal root x oUej 
on one side of the cord will inhibit the two-neuron-arc reflex evoked b\ a dorsal 
root volley on tho other side of the cord when tho two dorsal root x ollcys are 
synchronous (43) This crossed mhibition appears to be related to tho bilntcral 
nature of the effectors mnerxated by this segment 

The afferent fibers vielding direct mhibition to the motoneurons arc indis 
tinguishablo from those responsible for tho txvomeuron arc reflex discharge (39), 
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and belong, therefore, to the group of large low-threshold afferent fibers arising 
m muscle Although a systematic survey has not yet been made, it appears from 
the knoTTi examples of direct inhibition that the low-threshold afferent fibers 
from a given muscle mediate two-neuron-arc excitation to the motoneurons of 
that muscle and direct inhibition to those of neighbormg muscles It is ap- 
parent, then, that the direct inhibitory action of muscle afferent fibers accounts 
for the silent penod shown by Denny-Brown to occur m the gastrocnemius 
muscle as the reflex accompaniment of the tendon jerk m the quadnceps 
muscle (10) ^ 

The fact that inhibition of two-neuron-arc pathwaj^ occurs when stimulating 
and testmg volleys are synchronous is m itself strong evidence for the existence 
of some form of direct inhibitoiy action, but still further evidence may be found 
m the fact that this mhibition occurs with threshold conditionmg volleys (39), 
which are well below the size requisite to produce motoneuron discharges If 
near-threshold conditionmg dorsal root voUe}^ are utilized the penod of de- 
pression of a two-neuron-arc test reflex volley may last for 7 or 8 msec (43) 
whereas, with larger conditionmg voiles^ mtemimcial pools are powerfully 
activated and inhibition is truncated by the advent of facihtation When a 
more physiological selection of motoneurons is made by utilizing an extensor 
muscle nen^e rather than ventral roots for recordmg, an inhibitory penod of 
more than 100 msec may be reahzed (56) which suggests the participation of 
mtemeurons m the mhibitoiy conditionary activity 

In spite of the proven fact of direct inhibition, nothmg that is yet known 
serves to mdicate the mechanism entailed There is no reason to suppose that 
distmct inhibitory fibers exist m the mammahan spmal cord, for the threshold 
and fiber spectrum of direct excitation and direct inhibition are identical (39) 
There is no e\udence for or against the existence of specific inhibitory collaterals 
or synaptic knobs In this connection, for example, it would be very valuable 
to know whether dorsal root fibers of the sixth lumbar segment have knobs dis- 
tnbuted to motoneurons with axons passmg mto the first sacral ventral root 
The answer to such questions as this, may provide the next step m reasonmg on 
the nature of direct mhibition Nothmg is to be gamed by supposmg the exist- 
ence of connections, or the site on the neurons of the supposed connections, and 
argumg therefrom Until it is known whether or not direct inhibition mvolves 
synaptic connection and if so where the connections are on the neurons, httle 
ad\ ance m the understandmg of direct inhibition may be expected It would 
seem to be within the provmce of histological mvestigation to provide the es- 
sential data 

The h6le of extrasynaptic influences in nervous organization One 
cannot doubt but that fields of current about active neurons, and chemical diffu- 
sion gradients, have an influence upon the excitabihty of any neurons withm the 
radius of effectixe action (22, 32, 57) Stimulation of nerve fibers by other 
nen e fibers under certam circumstances has been known smce the experiments 
of Hermg (27) Stimulation of nenm fibers by actn e muscle has been known 
e\ en longer (49) Somewhat m analogy with the Matteucci expenment it has 
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been found that the mtrninuscukr porbona of Bome motor and afferent fibers 
are excited when a muscle is activated indirectly bj synchronous nerve volleys 
(37) Followmg an antidromic volley to the motoneurons a small pseudo-reflex 
or recurrent volley is discharged to the penpheiy (65, 40) 'Ihe recurrent volley 
appears only among the motoneurons which have earned the antidromic volley, 
it IS imtmted immediately followmg the termination of the absolutely refractory 
period of the motoneuron axon, and before the electneal signs of soma activity 
have subsided Ihere is some reason to beheve that the more prolonged soma 
activitj restimulates the axon, but a full and satisfactory account of the genesis 
of the recurrent ■volley is not yet available 

The dorsal root reflex (71) is clearly the result of restimulation, by some mecha 
nism, of the afferent fibers At some stage in the central course of the dorsal 
root reflex orthodox synaptic transmission is mvolved for the end product pos- 
sesses the characteristics of synaptically transmitted activity Similarly, in 
the example of active muscle sbmulatmg certam mtramusoular nerve fibers 
cited above, the activity residtmg m those nerve fibers reflects fully the mtor 
vention of neuromuscular transmission as one step m the chain of events (37) 

It is difficult to say which and how many of the effects just described are m 
essence artefacts produced by synchronous stimulation or other experimental 
procedures Aa an instance it should be noted that a certam fraction of a muscle 
must be synchronously active before retrograde impulses appear in Uie motor 
fibers (37) One may hold, with complete justification, that the conditions for 
the genesis of retrograde impulses are never achieved m the course of natural 
motor performance Agam, m all the experunents for which the origmal ob- 
Berrations of Hetmg form the prototype, damage resulting m a demarcation 
current appears to be the mdispensable factor, m other similar experiments, chem 
real treatment (caffeme, strychmne or veratrme) or frank electrical polaniation 
IS the essential procedure 

So far the discussion has concerned adequate restimulation of nearby excitable 
elements by one means or another With much less drastic experunental inanip 
ulation it has been found that more subtle threshold effects occur m some excit- 
able elements when activity pervades neighboring elements. ICatt and Schimtt 
(31), Blair and Erlanger (60), and Renshaw and Therman (68) have demon- 
strated threshold changes m fibers consequent upon the passage of impulses in 
contiguous fibers Important as these observations are for the study of nerve 
excitability and conduction, the influences they demonstrate can hardly bo re- 
garded as determming the prime function of a non e fiber, vis , the transmission 
of an impulse from one pomt in the body to another 

Within the neurophil axtrasynaptic actions duo to fields of current and chemical 
diffusion gradients are of potentially greater significance A synchronous anti 
dromic \ olley in certam motoneurons is known to affect the threshold to reflex 
nctiv ation of neighbonng motoneurons (65) It wouid be Important to deter 
imne finally whether this action is duo to recurrent collaterals or to simple current 
flow about the activ e motoneurons When the effect demonstrated by Henshaw 
is mhibitory , it is particularly effective among motoneurons supplying the parts 
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of a single muscle For example, stimulation of the nerve to one head of the 
gastrocnermus muscle inhibits reflex activity through the motoneurons of the 
other head It would be mterestmg to know if similar alterations m reflex ex- 
citabihty occur when neighboring motoneurons are activated m a completely 
random and asynchronous manner, as for instance durmg the course of a static 
stretch reflex 

Renshaw’s experiment seeimngly accounts for the observation first made by 
Sherrmgton (65, 66) that simulation of one of several nerve branches to a muscle 
(after distal section) inhibits the innervated remamder of that muscle In 
Shemngton’s experiment the motor axons as well as the afferent fibers unavoid- 
ably were stimulated, and the resultmg impulses m the motor axons sweepmg mto 
the central parts of the motoneurons would have had the action descnbed by 
Renshaw 

It seems possible that fields of current or cheimcal diffusion gradients may 
only reach critical levels when a number of similarly onentated structures are 
simultaneously active With rotation of elements, diffuse activation and 'tome’ 
mamtamed discharge, the extrasynaptic influences rmght approach to the steady 
state m character and thus play no significant r61e m phasic activity On the 
other hand, it is possible that such influences would attam great significance for 
the long term ‘state of excitability’ of the nervous S 3 ^tem One conceives, for 
instance, of the possibihty that long term chemical readjustments he behmd the 
recovery from spmal shock 

It IS evident that a great deal of cntical experiment and appraisal are needed 
before the true significance for central nervous system function of the extra- 
synaptic effects IS understood 


CONCLUSIONS 

One will readil}’- appreciate from the precedmg discussion the fact that most 
of the available mformation on functional organiiation relates to those systems 
consistmg of large neurons equipped mth axons of fairly high conduction velocity 
In the mam this is due to the techmeal difficulties of explormg the finer fiber 
sj stems or regions populated with small cells This is particularly the case with 
respect to unmyehnated fiber systems, concemmg which vurtually nothmg is 
known 

Upon occasion functional study can detemune m broad outlme certam details 
of structure, sometimes it can solve problems to which a wealth of histological 
endeavor has provided no defimtive answer, more often it can pomt out to the 
histologist frmtful hnes of enquiry and define the problem to which an answer is 
sought It is a common occurrence for physiological progress to be frustrated 
by the paucity of histological data, but it is also true that the need for certam 
histological information can only be reahzed when the fimctional problem is 
defined This is now particularly the case m relation to the problem of duect 
inhibition There are, of course, regions where the synaptic relationships are 
well understood (cf 6) More often than not, unfortunately, the regions under- 
stood from a histological pomt of view at the present tune are not amenable to 
functional study The converse is undoubtedly true 
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It mmld be difficxilt to overestimate the need for factual rather than hypo- 
thetical treatment of the problems of direct inhibition as a prerequisite for ade- 
quate and complete desenptaon of functional organisation, and in particular for 
an understanding of the means by ivhich the spmal mechanism is fractionated by 
vanoufl systems of reflex and higher control 
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OBESITY 

I ENERGY METABOLISM 
L H NEWBURGH 
University of Michigan, Ann Arbor 

Obesity is that condition in Mhich the body contains an abnormally large 
amount of adipose tissue The excessive fat may be evenly distnbuted or mav 
be present to a much greatei extent in some regions than m others When the 
fat IS sharply locahzed to one or more discrete encapsulated masses, one spealvs 
of “hpomatosis” m contradistmction to “obesity ” 

Weight Smce the accumulation of adipose tissue causes a corresponding in- 
crease m weight, much effort has been directed toward establishmg a weight 
which is best m regard to longe^^Lty and mental and physical fitness 

The Child Health Association (1) has compiled tables that give the average 
v eight for height and sex of large numbers of healthy childrerr from birth through 
the age of 18 years These tables are widely accepted as the most satisfactory 
standards 

Hovever, Fisk (2) has shown that the average weights of persons over 30 
years of age are too great as judged by life expectancy and has found that the 
average weight at 30 is the most desirable weight for the remamder of the hfe 
Departures from these standards are sometimes condoned because of sup- 
posedly heavy bones, excessive muscular development or hereditary type, but 
accordmg to Fisk, “Life msurance experience has shown that heavjwi eights, 
regardless of type and heredity, show an extra mortahty ” 

Dublin and Lotka (3) have analyzed the mfluence of weight on the duration 
of life of 192,304 men aged 21 years or over when accepted for life insurance 
The deaths pei hundred thousand, age bemg disregarded, are given in table 1 
Dubhn and Lotka (3) concluded that “the penalty of overw eight is one-fourth to 
thiee-fourths excess in mortahty ” 

These studies become still more informative when they are related to age, 
since excessive w eight cames a much greater nsk in persons beyond 45 j^ears of 
age than eailiei (table 2) How great the nsk is for the important years from 
45 to 50 appears dramatically in table 3 It is startling to learn that a mere 25 
pounds (11 kgm ) of extra weight lessens one’s hfe expectancy by 25 pei cent 
Fish (2) found likewnse that persons in full middle life w ho w'eigh 20 pounds (9 
kgm ) more than the ai eiage instead of 10 pounds (4 5 kgm ) less aie incumng 
an extia 25 per cent nsk In another place he pointed out that “fiftj" pounds 
01 erw eight at age forty-fii e imposes as much extra moi tality as valmlar heart 
disease ” 

Exergi ExcHixGE Becausc of the pieialence of the belief that some pa- 
tients gain weight eien though the} do not oieieat and that others do not lose 
when they aie underfed, there has been a continued search for some metabolic 
abei ration in this disease 
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Baial metabolism Early students found that pound for pound obese persons 
produce less heat in the resting postabsorptive state than do normal controls 
Had thej made the comparison on the basis of height, thej would liai e found 


TABLE 1 
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Influence of octfrwipfti on moriahty in persons aged to SO years 
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that the heat production of obese persons was greater than normal But Rub 
ner, Lusk and others have demonstrated that the basal heat production of all 
mammals is proportional to the surface area of the bodj and that no such rcla 
tion exists when cither weight or height alone is used as the basis of companion 
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Benedict, using the statistical method, has pubhshed tables by uhich one can 
predict the basal metabohc rate of normal persons on the basis of age, height and 
weight His values closel}’’ approximate those calculated by the surface area 
method There is, then, no doubt about the range of basal heat production of 
noimal adults 

Subsequently, Boothby and Sandiford (4) measured basal heat production in 
94 obese patients and found that in 81 per cent of them the rates were withm 10 
per cent of the normal heat production per square meter In 3 instances the 
rate fell between — 16 and — 20 per cent, and another patient produced heat at a 
rate more than 16 per cent above noimal Strouse, Wange and Dye (5) com- 
pared the basal metabohc rates of normal persons mth those of subjects who were 
undeni eight and overweight Per square meter of body surface they found prac- 
tically no differences Among 180 cases of extreme obesity Grafe (6) found only 
3 in which there was a defimte decrease m basal metabohc rate The occasional 
moderately low rate (from —16 to —25 per cent) exhibited by an obese person 
does not contribute to the understandmg of obesity, smce equally low rates are 
encountered as frequently among healthy persons who are not obese Strang and 

TABLE 4 


Total basal heat producUon of five obese women compared with tdeal values 
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Evans (7) made careful measurements of the basal metabohc rates of 5 obese 
women, and the average values are compared m table 4 with the predictions for 
normal women of the same average age The few obese persons whose basal 
metabohc rate is low enough to be defimtely pathologic will be found to be suf- 
fenng from some disease m which adiposity is a complication or an unrelated 
accompaniment and not the primary abnormahty 

These and many other studies lend overwhelmmg support to the statement 
},hat obesity is not caused by lessened expenditure of energy m the basal state 
In fact, an obese person produces more heat than a normal person of correspond- 
ing age, height and sex, for w hUe both will produce the same number of calones 
per square meter of body surface per umt of time, the obese person has a larger 
surface, and therefore the total heat produced by the obese person m the basal 
state IS greater actually than the total basal heat produced by the normal person 
Specific dynamic effect If the heat production of a person who has been with- 
out food for tv enty hours and who has been reclimng quietly and comfortably 
for a half hour (basal state) is carefully measured and he is then fed, he will 
shortly produce more heat per umt of time than he did m the fastmg state This 
response is not caused by digestion or absorption, smce it is equally great after 
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the intravenous injection of dextrose or some of the ammo acids that result from 
the digestion of protein If some metnbohc fault prei ented or greatly lessened 
this specific response to food, the person so afflicted would gam weight, provided 
ho continued to partake of the same amount and the same kmd of food and 
pronded he did not mcreaso his activitj His appetite might, however, direct 
him to eat less, since he needed less, and in that case his weight would not in 
crease Several students, without makmg any allowance for the second altema 
the, have attributed obesity to lessened specific dynamic effect of food 

Many attempts have been made to show that the caloric response to food is 
controlled by the hypophysis Thus Plaut (8) stated, as a result of her studies, 
that a normal basal metabolic rate, coupled mth a Ion ered specific dynamic re- 
sponse to protem, is characteristic of disease of the hypophysis Usmg these 
entena, she expressed the behef that she (9) n ns able to show that m certam 
cases obesity was caused by hypofuncUob of the pituitarv Kestner, Kmppmg 
and Liebesny subsequently published many determmations that seemed to con 
firm her work The technic employed by these m%'cstigator8 has been criticized 
by n number of workers Durr (10), for example, pointed out that a normal 
person exhibited no increased metaboho response to food m three hours and a 
response of only 18 per cent m five hours lauter (11) m careful studies found 
that the specific dynamic response of normal subjects vanes so widely that only 
its total absence is of diagnostic significance. Gaebler (12) working in Lusk’s 
laboratory, found that dogs from which the hypophysis had been removed re- 
sjionded normally to a standard protein meal 

Because of the disagreement Johnston (13) remvestigated this question She 
restneted her studies to patients m whom destructive diseases of the pitmtary 
were demonstrated, usually by operation or at autojisy She obtamed large 
responses m all cases (18 to 28 per cent), and jxnnted out that it was not possible 
to secure uniform results m human bemgs. She found it imjiossible to obtam a 
consistent response to sucrose or armnoacetio acid m a normal subject mam tamed 
on a constant diet This agom emphasized the caution with which small re- 
sponses must be interpreted 

Later work suggests that the hver is responsible for the mcreased heat hberated 
durmg the metabolism of protein BoUman and Magath (14) showed that de- 
aminization took place m the hver, and later, Wilhelmj and Maim (16) found 
that administration of ammo acids to hejiatectomized dogs did not mcrease the 
heat production Ilnally Dock (16), by excludmg various jxirtions of the bodies 
of rats from the arculafaon, found that at least 85 jier cent of the spedfic dynamic 
heat was hberated in the abdominal viscera 

The relation of the specific dynamic effect to the obese state has been studied 
so painstakingly and comprehensively by Strang and McClugago (17) that their 
results may be accepted with great confidence They emphasued that the base 
hne, that is, the value of the basal metabolism, is the most imfiortant feature of 
the test Earher workers had fidled to tndn their subjects suffiaently Strang 
and McClugage have repeated basal determinations until uniform results were 
obtamed In order to make a test acceptable they demanded that the basal 
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calones on the test day must vary less than 2 calones from the average of meas- 
urements withm fourteen On this basis they rejected ten of their twenty- 

five deterimnations They pomted out the fallacy of the usual way of expressing 
the specific effect as a percentage of the basal calones For example, a 10 calory 
increase attnbutable to food when the subject is producing 60 calones per hour 
m the basal state is an increase of 16 per cent, but the same specific mcrement 
with a basal heat production of 90 calones is an mcrease of only 11 per cent 
Smce obese persons produce more heat m the basal state than do normal per- 
sons, the same absolute response to a test diet may appear to be low m obese 
persons when the percentUe method of companson is used It is hkewuse mis- 
leadmg to express the response to a test diet m terms of surface area Thus an 
mcrement of 10 calones due to food m a person whose surface area is 1 67 sq 
m gives an mcrease of 6 calones per square meter, whereas if the surface were 
2 2 sq m , as IS common m obese persons, the mcrease would be only 4 5 calones 
per square meter Hence, the same absolute mcrease m the heat results m an 
apparent depression for obese subjects These workers eipphasized the irregu- 
lanty of the response to food when view'ed from hour to hour and were m agree- 

TABLE 6 


Specific dynamic effect of food 
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ment wath Benedict and Carpenter (18) “that a true appreciation of the thermal 
effect of a meal is obtained by focusing the attention on the total mcrement ” 
With these considerations m mmd, Strang and McClugage studied 5 normal, 5 
thin and 8 obese pei-sons The total increments for the eight hours following the 
ingestion of the test meal will be found m table 6 

Luxuskonsxjjiption Grafe (19) has mamtained that m addition to the spe- 
cific d3mamic response, w hich comes to an end m twelve hours or less, the heat 
production of the organism throughout the twenty-four hours is influenced by 
the quantity of food eaten Leaving the increases that accompany activity and 
the specific dmamic effect out of consideration, he expressed the belief that the 
intensity of the metabolism is stimulated by generous (excessive) feeding and 
depressed bv meagei supphes of food Such a mechanism w ould tend to mam- 
taui constanci of w eight Obesity w ould develop w hen the mechanism failed 
to respond to oi creating, and leanness w ould be the result of abnormally great 
lesponses 

Grafe and Koch (20)repoii:ed a stud}' on a patient whose normal weight was 
62 6 kgm and w hose height w as 156 cm Because of stenosis of the pylorus 
accompanied bv peisistent voimtmg his weight had fallen to 40 kgm In this 
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eraackted condition he produced 30 calones per square meter per hour in the 
restmg fasting state The prediction for a man of his age and height and of 
normal weight is 39 caloneS per square meter Relief of the stenosis and sub- 
sequent feeding of 100 calones per kilogram brought his weight up to 60 kgm 
He then produced 40 7 calones per square meter, which was withm 3 per cent 
of the prediction for a man of his age and hei^t and of normal weight This 
study merelj confirmed Schondroff ’s (21) and Zuntx’ earher work that starvation 
depressed the basal metabolism 

The reader will recall that Qrafe had said that the normal organism mamtains 
a constant weight in spite of overfeeding because the extra food stimulates the 
total metabohsm to such an extent that the excess is oxidised, but he did not 
publish any data that dealt with total heat production throughout the twenty 
four hours In order to test Grafe's postulate Wilej and Newburgh (23) 
studied the responses of a thm person by means of a method (24) recently de 
veloped for deter minin g the total heat produchon for any desired length of time 

The subject was 28 years old, 6 feet (183 cm ) tall and weighed 45 pounds 
(20 kgm ) less than normal For the first eighteen days he was fed a constant 
diet that yielded 2,922 calones daily Itunng this same penod the twenty four 
hourly heat production averaged 2,947 calones His weight at the beg mnin g 
was 67 562 grams, and at the end it was 67,648 grams He was then fed a diet 
that yielded 4,765 calones daily This was an mcreaso of 1,833 calones Dur- 
ing the fifteen days the latter diet was taken the subject gamed 4,410 grama 
(nearly 10 lbs ) Heat production per twenty four hours m the second jienod 
averaged 3,082 calones Accordingly, he produced 136 mote calones when he 
was ingesting about 6,000 calones than when he took about 3,000 calones, an 
mcrease of 4 6 jier cent m total metabolism The increase in the surface area 
that accompamed the mcrease m weight accounted for 68 extra calones and the 
additional carbohydrate and fat could be exjieoted to mcrease the sfieoific dy 
namic effect of the second diet by 85 calones, accordmg to a calculation by 
laisk (26) Therefore the predicted increase m heat production dunng the sec 
ond penod without recourse to Luxuskonsumption is 153 calories, whereas the 
actual mcrease was only 135 Calones IVhon the subject was partaking of the 
smaller diet, the fastmg resting heat production was at the rate of 36fi calones 
per square meter jier hour At the end of the jienod of m erfeeding he pro- 
duced 36 9 calones under the same conditions The difference of 1 4 calones is 
not significant These workers obtained no evidence that either the basal or the 
total metabohsm was stimulated by euperalimentation 

Tefal meloboltsm It has rejieatedly been obeerved that some obese jiatients 
who are receivmg only minimal quantities of food foil to lose w eight. Von Noor 
den (20) rojiorted such e.xpenences many years ago Afore recently Grate (6) 
has published scxeral e-xamples, one of which is reproduced hero m part 

The patient, aged 38 waafifeet dlncbea (leScmJtall and weighed STSpounda (171 kgm ) 
She became itout at 10 yeare of ago When ehc was 20 years old, she weighed 176 pounds 
(SO kgm ) She married at this time Subeaquentiy, she gave birth to 4 babiea and gained 
ffei^t after each delivery When first Been by Grate she exhibited enormous adiposity of 
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the trunk, legs and upper arms Dunng the first month of treatment she lost 30 pounds 
(14 kgm ) Then without change in treatment the loss of weight gradually diminished, 
and finally, for tn o weeks there was no loss at all The weight remained stationary at 
341 pounds (165 kgm ) During these two weeks her diet contained 647 calories, and the 
basal metabobsm uas 2,000 calories Grafe calculated that the daily calono deficit was 
about 2,000 In addition to the restricted diet her fluid intake was hmited to about 600 cc 
daily Under these circumstances the body should have lost 8 6 pounds (4 kgm ) of adipose 
tissue during these two weeks Even though the patient received four injections of mersalyl 
solution and 3 to 8 mgm of thyroxin daily, the volume of unne was small, averaging 600 cc 
daily She continued the treatment at home in a httle milder form and lost 13 pounds 
(6 kgm ) in the next few weeks 

This capacity to resist loss of weight m spite of the most ngorous treatment 
has given rise to much speculation and confusion Many physicians have con- 
sidered it hseless or even cruel to contmue to underfeed patients of this type, 
since they seem t-o be doomed to hopeless adiposity The writers have seen 
many examples of this phenomenon Such paradoxic conduct might anse from 
some obscure metabohc abnormahty that permits conservation m the utilization 
of energy In that case, the total heat production would be stnkmgly less than 
normal But no measurement of the twenty-four hour expenditure of energy 
had been published pnor to the studies of Newburgh and his associates Such 
patients might have been studied m a respiration chamber for one or possibly a 
few consecutive days But the restncted actmty and short intervals of time 
imposed by the chamber made that method of doubtful value for this special 
purpose The}"" accordingly employed the method (23) previously cited by 
means of which they could measure the total loss of heat for many consecutive 
days w'hile the usual activity contmued Included were subjects with vanous 
tjTies of obesity descnbed m the hterature, that is 1, a person phj'sically normal 
except for obesity who frankly admitted years of gluttony, 2, a feeble-minded 
girl with a low basal metabohc rate, 3, a girl with disease of the pituitary body 
and a basal metabohc rate 30 per cent below normal, 4, a middle-aged woman 
whose weight had reached 295 pounds (134 kgm ) after an operation on the hypo- 
physis eight years earlier, 5, a j^oung woman sufTenng from so-called “Dercum’s 
disease” , 6, a middle-aged w oman 5 feet 2 mches (157 cm ) taU whose weight 
had reached 420 pounds (191 kgm ) (menopausal obesity) In no case did they 
find anythmg unusual about the total metabolism These patients certainly 
did not exhibit an}^ capacity to live at a lesser expenditure of calones than normal 
persons In fact, just the opposite was true for the patients who were active 
The total expenditure w'as large and indicated that they produced considerably 
more heat than persons of the same height, age and sex whose weight w as normal 
The data are entirety in accord with those of Lauter (11) whofoundthat an obese 
subject requires more energj' to perform a given piece of work than does a normal 
control 

Water balance In spite of the large expenditure of energy, penods lasting 
for a number of days during which the patients failed to lose weight, even though 
the calones of the diet were far less than the dissipation of heat, w ere frequently 
encountered A good example of this phenomenon is illustrated by figure 1 
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The patient was a young woman who weighed 276 pounds (126 kgm ) when she 
entered the hospital Her basal metabolism, which was normal, amounted to 
2,100 calories per twenty four hours Throughout the study she remamed m 
bed In spite of the inactivity the total twenty four hourly heat production 
averaged 2800 calones She received a diet that yielded 1600 calories daily 
She was accordin^y compelled to ovidiie enough body tissue to produce 1200 
calones daily After a prelimmary week on the diet, the analj'ses showed that 
about 160 grams of body tissue were destroyed daQy This weight times the 
number of days subtracted from the weight of the subject at the beginnmg of the 



Fig 1 Fig 3 

experiment mdicates what she would have weighed on any day if nothmgelse 
had mtervened to disturb these simple relations This hypothetic weight is 
represented m the diagram by the broken hne The sohd hne is the actualday 
to day weight of the patient In spite of the underfeeding, the patient weighed 
approximately as much on the mormng of the tenth day as she did on the first 
In fact, she actually gained the first and the second day This capacity to resist 
loss of weight, even though body tissues are certainlj bemg oxidised and the end 
products excreted, may last two weeks or longer But whatei er the duration, 
it ahvaj-s gives way to a subsequent rapid loss of weight equal to the weight of the 
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tissue destroyed over the entire pei lod of caloric restnction In the diagram it 
■mil be seen that this patient lost as much iv eight m three days (tenth, eleventh 
and tv elfth) as she v as expected to lose m twelve days, due to destruction of body 
tissue 

It seemed to us, a pnon, that this phenomenon might be caused by a retention 
of water subsequently followed by excretion of the excess Accordingly, we un- 
dertook a study of the water balance (27) 

In order to control our work we first studied the water relations m a normal 
subject vhile he was bemg underfed For the sake of uniformity he remained 
in bed except when he took a few steps to the scale or the commode To mini- 
mize error his diet was restricted to milk, sugar and water He received 63 
grams of protem, 26 grams of fat and 148 grams of carbohydrate, yielding 1,078 
calories He produced 1,688 calories daily, derived from 69 grams of protem, 91 
grams of fat and 148 grams of carbohydrate (averages for each twenty-four hours) 
Consequently, he destroyed 6 grams of body protem and 65 grams of body fat 
each twenty-four hours The combined weight of these tv o substances m their 


TABLE 6 

Concealment of dealruclxon of itsaue by relenlton of water 
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hydrated li-vmg state is 95 grams It was soon noticed that this man, even 
though normal, failed to lose v eight smoothly Like obese persons, for several 
consecutive days he would lose no weight or he rmght even gam weight Then 
his V eight V ould suddenly dechne at a rapid rate far in excess of 95 grams daily 
Table 6 shovs the vater exchange for five consecutive days when the subject 
veighed 115 grams more at the end than he did at the beginning, even though he 
had destroj^ed 475 grams of body tissue It is quite clear that the failure of the 
body to keep pace Avith the loss of tissue is attnbutable to the retention of water 

Since these events took place in a normal person, they are depnved of all speci- 
ficity for obese subjects The excessive retention of water is seen to be merely a 
by-product of undemutntion It m no way indicates that the metabolism of 
obese persons is abnormal 

An analogous response by an obese girl is portrayed m figure 2 It vill be 
noted that she veighed as much on the fifteenth day as she did at the start 
Then a marked diuresis set m and continued for the next nme days, by v hich 
time she had lost an amount of v eight that approximately equaled the weight 
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of the body tissue dcstroj ed duruig tlie ti\ enty four days The solid hue in figure 
2 indicates the actual weight each morning The broken line states what she 
would have weighed m response to the destruction of bodj tissue, if the water 
balance had not been disturbed The position of the circles was calculated by 
Bubtraotmg the weight of the ertra water m her bodj from the actual w eight 
They show that her abihty to resist loss of weight for more than two weeks was 
caused bv progressive addibon of water, which finally amounted to more than 6 
pounds (3 kgm ) 

I^CBEASEI) ABSORPTION OF FOOD After it had been geiiemlly accepted that 
obese persons produce more heat than normal controls, the possibility still re- 
mamed that if the digestion and absorption of food by obese persons was sufE 
aently more efficient than that by normal people, the former could succeed m 
gainmg weight without overeatmg Xenenschwander Lcmmor (28) has in- 
vestigated this possibihty He compared the combustible matcnals m the feces 
with those in the diet The utilisation of the dietary calories, nitrogen and fat 
by the obese persons was 87, 84 and 83 per cent respectively For the controls. 
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the correspondmg values w ere 88, 80 and 80 per cent Obesity was not caused 
by an economy of food 

“Lipophuja ” Von Bcrgmann suggested that adiposity is caused by a heredi 
tary constitutional trait of the adipose cells that enables them to accumulate ox 
ccsaive amounts of fat Hetenyi (29) earned this idea ono step further by postu 
latmg that fat once deposited m the depots of an obese person is prevented from 
leaving them and so cannot be used os fuel Increased appetite is the natural 
response To support this contention, he eompared the le\ els of the blood fats 
in obese persons with those of normal persons when the usual food was taken and 
again after eight day s of restneted diet The data appear m table 7 

Smee obese persons have more fat m the blood when food is unrestneted, they 
must be either stonng less or mobilirmg more of it than normal persons The 
low enng of the blood fat level m obese persons by underfeeding is accepted by 
Hetcnyn os evidence that they have difficulty in releasing fat from the depots m 
response to the increased call for energy, but it might just as well mean that fat 
which IS bemg mobihied at a normal rate is bemg oxidiied more rapidly Later 
studies dealt with blood fat curves after feeding 200 cc of cream The average 
mciease in the controls amounted to 84 per cent of the fastmg v alues as compared 
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■With an increase of only 17 per cent in the obese subjects The indivic 
sponses, how e\ ei , \ aned from zero to 157 per cent, and such a wade vi 
throws considerable doubt oh the value of the averages The lo\s er level 
obese subjects are offered by Hetenyi as e\ndence of increased avidity foi 
the depots, but since the greater raetabohsm of obese persons demands m( 
why do not the Ion er levels of fat mdicate accelerated oxidation of it? 

If it n ere true that the adipose tissue cells of obese persons resist mobi 
of fat m undemutrition, then such persons would not lose n eight, or if tl 
most of the loss would represent the destruction of body protem But 
lowmg studies show that obese persons are less likely to go into negative i 
balance when underfed than are normal subjects Jansen (30) placed 
ical students whose average weight was 62 kgm on a diet yieldmg 1,600 
and 61 grams of protem daily for several weeks Their average loss of i 
was 2 grams daily Benedict’s (31) 12 normal subjects receivmg 1,534 
and 51 grams of protein lost 65 grams of nitrogen from the body in thre( 
On the other hand, Keeton and Dickson (32) showed that most obese pers 
diet yieldmg 1,375 calones and 90 grams of protem mamtained nitrogen 
and Strang, McCIugage and Evans (33) found that obese persons receiv 
440 calones and about 1 gram of protem per kilogram of ideal body weigt 
lose body protem 

With these thmgs m mmd our colleague, Malcolm Block, has rein\ estig 
response to underfeedmg After determining the total blood hpids dum 
hmmary penod when the diet was unrestncted, he placed 3 normal youn{ 
and 3 obese young women on a senes of diets The first diets were am 
yield approximately 80 per cent of the energy of the basal heat produi 
twenty-four hours After seven da}^, blood hpids were determmed aj 
the diets were reduced to about 60 per cent of the basal heat Se\ 
later, samples of blood w ere agam withdrawm and the calones of the di 
reduced to 40 per cent of the twenty-four hourly basal heat production 
end of this w'eek, samples of blood were obtamed and the obese patie 
all placed on a diet jneldmg 450 calones The blood fat readmgs are rec 
table 8 An exammation of these values indicates that they rose and 
both m the obese patients and m the controls, and it is not possible to de 
significant difference in the responses of the two groups to underfeed 
addition. Block calculated the dissipation of heat from the insensibl 
weight (24) and estimated the calonc deficit by companng the energy of 
\vith the expenditure of energj'- The differences were then converted t 
of body tissue destroyed, on the assumption that it consisted entire! 
The results for the 3 obese patients are found m table 9, which also rec 
dailj" mtake of nitrogen and the urmary nitrogen It will be seen tha' 
the patients lost almost exactly the amount of weight that she w as exp 
lose if the body tissue destroyed to make up the calonc deficit w as solelj 
tissue Furthermore, the corapanson betw een the chetar}’’ and the unna 
gen shows that the patients lost only neghgible amounts of body protein 
All of these later studies indicate that obese persons release fat from t 
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TABLE 8 


Farttfitofl in total Woorf Itptdi in three normal and three obese young wmen on various dtise 
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TABLE 9 


of ioetghi and daily dietary intake and la^nary output of nitrogen in three obese subjects 
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TABLE 10 

Respiratory quotients after a test meal 
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a source of energy as readil} as normal persons do In fact, it seems likely 
at the obese personB do this more readily, since thej usually remain m nitrogen 
lance when they are underfed, whereas persons of normal weight do not 













30 


L H NEW^BXJRGH 


The fasting respiiatorj’’ quotients in obese persons are loner than they are in 
normal controls According to the usual mterpretation, this means that the 
former persons are oxidizing more fat Quotients pubhshed by Strang (34) are 
enlightemng The fasting values obtamed from 7 obese patients ranged from 
0 698 to 0 830 and averaged 0 757 The controls under similar conditions ranged 
from 0 770 to 0 848 and averaged 0 783 These same persons n ere studied agam 
after a test meal consisting of 40 grams of protem, 26 grams of fat and 52 grams of 
carbohj’^drate Quotients n ere obtained repeatedlj’' after the meal for eight hours 
and are presented m table 10 

Smce both the quotients obtained during fastmg and those obtamed after the 
ingestion of food are lower in obese subjects, we have before us classic evidence 
that such persons are metabolizmg more fat than the normal controls They 
cannot at the same time be storing more fat or v ithholdmg more of it m the de- 
pots 

SUMMARY 

These many painstakmg investigations of the metabohsm of obese persons 
hai e faded to disclose any abnormal process that accounts for the accumulation 
of the fat On the contrary, they have demonstrted that obese persons produce 
more heat m the basal state, that thej’’ expend more energy to perform a measured 
amount of vork and that their total heat production is greater than that of 
normal persons of similar age, height and sex under the same circumstances 
Smce they are unable to absorb more energj’’ from their food, they must eat moi^e 
than normal people simply to avoid loss of weight 
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ir ETIOLOGICAL ASPECTS 
J W (X)NN 

Unistnily of Mtcktfttn Ann irbor 

The foregoing presentation of the vonous aspects of energy exchange leave 
no retreat from the commitment that all obesity, in the final analysis, is the 
result of an overall inflow of energj which has exceeded the overall outflow, with 
a resultant retention in the bodt of the excess energy as fat The question 
of the fundamental etiolog} of obesity, therefore, must concern itself not with 
whether but wth whj there occurs a positive energ> balance Are there 
various mechanisms which ma\ be responsible for the initiation and contufua 
tion of positive ener© balance^ An answer supported by unquestioned expen 
mental evidence as regards the human bemg cannot now be gnen, but the 
NTinouB possibilities that exist will be set forth in the Bucceedmg paragraphs 
The fact remains, m anj case that, regardless of the mechanism miohed in 
its production, all obesitj (chmea! as well as oxpenraental) responds with a 
predictable loss of bodj fat to measures which reduce energj mtakc below 
energy expenditure 

Klanj of the hypothetical raechanisnis alleged to result m the production 
of obesity are nebulous and de\ oid of expenraental confirmation An attempt 
will be made to review those concepts whicli m the author’s opimon deserve 
considerataon Since it is taken for granted that the body fat docs not arise 
spontaneously , and that every gmm of body fat had an isocalonc precursor which 
entered the body from \nthout, we shall omit those concepts which insist that 
the human body has learned to outwit the fundamental laws of thermodymamics 

Finally, -with regard to thermodynamics, a bncf definition of terminology is 
necessary m order to provnde proper insight MTien one speaks solely m terms 
of energy equilibria, ho is indicating the end runll of a balance sheet m wluch 
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the only considerations involved are tijtal calonc intake, total calonc output 
and change in body weight (taking into consideration water exchange for the 
penod) From this pomt of view all obesity is necessanlj’- of one kind, that is, 
a positive energj’^ balance phenomenon This is mdisputable But in the 
sense that changes in calonc intake, calonc expenditure or both imght be m- 
fluenced, directly or mdirectly, by psychic, hereditary, endocnne or metabolic 
aberrations and by functional or orgamc changes m the central nervous sjstem, 
vanous types of obesity are possible It is with these considerations m mmd 
that we proceed to examme the evidence 
Hypothalamic obesity Rather mtngmng and recently more clearly 
defined is the experimental production of obesity m normal animals m which 
bilateral lesions of the hypothalamus have been produced Begmnmg with 
Erdheim (1) m 1904 many chmcal repoi-ts have appeared suggestmg that de- 
structive lesions mvolvmg the floor of the third ventncle and either mcludmg 
or sparmg the hypophysis have resulted m marked obesity Working with 
dogs Camus and Roussy (2, 3) followed by Baily and Bremer (4) and later by 
Keller and Noble (5) noted the development of obesity followmg expenmental 
mjurj’’ to the postenor hypothalamus The hypophysis nas carefully avoided 
and it was concluded that the obesity produced was the result of the hypothala- 
mic lesion The recent vork m dogs by Hembecker and White (6) appears to 
dehneate with greater specificity the hypothalamic area mvolved They found 
that lesions of the postenor hypothalamus, caudal to the paraventncular nuclei, 
which mtemipt fibers whose cell bodies ongmate m the caudal portions of the 
paraventncular nuclei (resultmg m retrograde degeneration of these structures) 
result in obesity, that similar lesions not producing the retrograde degeneration 
m this region did not produce obesity They noted, too, that the coexistmg 
loss of the cells of the supraoptic nuclei (producmg diabetes insipidus) resulted 
m the development of a greater degree of obesity (76 per cent to 110 per cent 
mcrease m weight m 6 months as compared vuth 50 per cent for the para\ entn- 
cular nuclear lesion alone) They conclude that the specific obesitj lesion m 
the dog is a dimmution m the number of cells in the caudal portion of the para- 
ventnculai nuclei , that m the presence of such a lesion a simultaneous decrease 
in postenor pituitary secretion intensifies the resulting obesity 

In a recent report. Brooks, Lambert and Bard (7) indicate the development 
of obesity m six of twelve monkej'S (hlacaca mulatta) folloinng expenmentaUy 
produced hj^iothalamic lesions Mature monkej's more than doubled their 
weight in 8 to 10 months, after vhich the v eights remained relativeh constant 
The presence or absence of an associated diabetes insipidus or hj'pogonadism 
did not influence the development of obesity The total calonc intake of the 
obese monkej s v as much greater than that of their non-obese controls 
Much more extensile obsen’^ations on this tjTie of obesity have been made 
m the rat Simth (8, 9) had shown in 1927 that extreme obesitj could be 
produced m rats bj"^ hj^pothalamic lesions placed so as to avoid the hjTiophysis 
By means of the Horsley-Clark stereotactic instrument fairly standard h>- 
piothalamic lesions aie now produced and obesity de^ elops with great regulanty 
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From a senes of experiments by Hetbermgton and Ranson (10, 11, 12) the fol 
lowing conclusionB can be drawn 1, destniction of the hj-pophj’sis of the rat 
does not result m the production of obcsitj , 2, large, s\Tnmetncall} placed 
lesions of the hypothalamus produce obesitj in \irtuallj 100 per cent of rata so 
treated, 3, obesity produced by bilateral hypothalamic lesions are not de- 
pendent upon mtact nervous pathways between the hj-pothalamus and the 
hyphophysis nor upon the presence or absence of the hyphophj’sls Thcj 
believe as do Hembecker and White (6) (the latter used dogs) that the obesitj 
IS dependent upon the mtemiption of descending fibers which lea\ e the v entro- 
medial hypothathnlmio nuclei and normally descend toward the bram stem 

A few studies of the metabolism of animals made to become obese b} ex 
penmentallj produeed hypothalamic lesions have been made As mentioned 
above. Brooks et al (7) noted a greatly meteased caloric mtake m their operated 
monkeys When depm ed of food the obese monkeys lost weight slightlj less 
rapidly than did the non-obese monkeys Hethenngton and Ranson (11) 
studied the spontaneous activity and food mtake of rats with hypothalamic 
lesions Two things were clear 1 All of the operated animals were much 
less active than their controls 2 Most of the animals ate a great deal more 
than their controls Because some of the animals became obese without eatmg 
more than their controls the authors seemed unduly troubled The lowered 
activity could easilj account for the apparent chscrepancj This decreased 
activity probably explains why Brooks’ obese monkej’s (7) failed to lose weight 
ns rapidly as their controls when both were deprived of food 

The excellent work of Long and his associates (13-18) upon metabolism m 
hypothalamic obesit) maj be sununamed as follows 1, shortly after the 
hypothalamic lesions were placed, the animals began to consume 2 to 3 times 
the amount of food eaten by their httennate controls and became extremelj 
obese, 2, when paired fed with their controls, only 1 of 10 operated animals out- 
gained its control, 3, studies of basal and total oxygen consumption and of 
basal and postprandial R Q 's m paired fed operated (non obese) and obese 
operated rats showed no denations from the normal, which were not fully 
accountable on the basis of mcreased body weight and the eatmg habits of the 
operated animals, 4, “the development of obesitj is apparently a consequence 
of mcreased appetite, and is not associated with anj fundamental disturbance 
in metabolism ” 

Thus, it appears that in at least three mammahan species (rat, dog and 
monkey) expenmentallj produced destructive lesions of the hypothalamus 
which sever descending nervous pathwaj-s from the parventricolar nuclei lead 
to the rapid development of obesity Clmical examples of this phenomenon, 
although not as well studied or ns easilj controlled, may be found m the litera 
ture An adequate explanation for the resulting obesitj is found m the tre- 
mendously mcreased food mtake and to a leaser degree m the concomitant 
decrease in spontaneous actintj exhibited bj experimental animals That 
tliere has occurred no significant change m fundamental metabohe processes 
may bo adduced from the facts 1, that operated animals paired fed inth their 
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controls behave, vith regard to gam m weight, hke the controls, 2 , that operated 
animals depnved of food lose v eight at the expected rate, any shght deviation 
probabl}" bemg accountable on the basis of decreased activity of the operated 
group, and 3 , that oxygen consumption and R Q studies on such animals reveal 
no deviations from the normal 

The conclusion seems irresistable that d3'sfimction of nenmus elements v hich 
ongmate m or are mediated through certain nuclei of the hj^iothalamus is 
capable of producmg a tremendous increase m the desire for food By what 
means normal function of this system controls the hunger mechanism or how its 
destruction releases the mhibitoiy control remain for the present unknown 
That an orgamc mechanism exists is evident That this mechanism plaj's a 
significant r 61 e m the etiology of human obesity is not evident That it cannot 
be disregarded, however, as a possible factor m human obesity is equally clear 

ExnocRiNE OBESm 1 Effect of endocrine function upon energy balance 
It has gradually become apparent that one cannot thmk m terms of hyper- 
function or hypofunction of any one of the endocnne glands vithout, at the same 
time, considenng the effect of the specific dysfunction upon the remammg glands 
of internal secretion In this sense most endocnne disturbances are pol3'^- 
glandular, even though replacement therapy for a pHraai^"^ hypofunction may 
result m return of the whole system to normal It seems reasonable to state 
that until a specific metabolic aberration which can lead to obesit3 is demonstia- 
bly related to a given endocnne dysfunction it is premature to attach signif- 
icance, from an etiological point of view, to such time-wom expressions as 
pituitaiy obesit3q gonadal obesity, etc It is true that certain non-specific 
metabolic changes such as h3poglycemia or reduced liasal heat production may 
be instrumental m stimulating increased intake of energ3’’ or m decreasing 
eneig3' expenditure But such metabolic changes may result from a vanety 
of t3pes of endocrme imbalance BTien obesitx does occur m association 
with some such metabolic change it would be more realistic to term it “low 
energ3' output obesit3^” m the h3pometabohsm case and “high energ3'- intake 
obesit3'” m the hypoglycemia case, both cases evidencmg a positive energy 
balance To sa3^ “h3poth3Toid obesity” implies that hypoth-\ roidism perse 
produces obesity As a matter of fact, most patients suffering from the seveiest 
foim of h3poth3nroidism, m3’^\edema, do not become obese ( 19 ) The3 auto- 
maticalty adjust calonc mtake downwaid m accoi dance with the decreased 
need for energy 

One can anal3ze, m a similar wa3, the example of h3poglvcemia The 
foUoivmg provides an mterestmg comparison of two such patients upon whom 
we ( 20 ) have recentl3'^ concluded prolonged metabolic studies 

1 Each had been suffering for several years from da]l> attacks of severe and prolonged 
hypoglycemia due to pancreatic islet cell tumors Blood sugar levels dunng attacks vaned 
in each between 10 and 40 mgm per cent and the fasting blood sugar value was almost 
always below 60 mgm per cent 

2 One had maintained a normal w eight throughout his illness, hunger not ha^ ing been a 
prominent symptom of his hypoglycemia The other had gained 50 pounds since the onset 



ODESITT 


36 


of her illness 20 pounds of which hind been added in the past >car She had found that 
ingestion of food delayed or alleviated attacks 

3 Each successful surgical removal of Iho Insuloma restored cnrbohjdmto metabolism 
to normal Each however maintained his pre-operative weight i o the obese woman 
remained obese despite removal of the initiating eause of her po3iti\e energy balance 

4 Bceausc of her obesity A reduction diet was prescribed She lost 30 pounds but toon 
her desire for more food overcame her desire to lose more weight and she gradualli gained 
back what she had previously lost 

It IB evident that the metabolic change occasioned b\ the abnormal endoenne 
function resulted in obesity oiil\ when it caused increased mgestion of food, 
that rcmo\al of the metabohe aberration did not result in loss of tveight, and 
that the food habits, acquired during the hypogly cemic penod, persisted as a 
cause of obesity after removal of the Initiatmg influence 

One ifl obliged, therefore, to interpret the endocrine element m the production 
of obesity m terms of its effect upon total exchange of energy, reraembenng 
that the same dysfunction may not affect the energy balance of two individuals 
in the same way The endoenne dyscrasia is not the thing that produces 
accumulation of adipose tissue 

2 Effeci of endoenne funclion upon di«/rt6»fion of body fat Superficial 
observation alone is Buffiaent to convmco one that the distnbution of body fat 
is significantly influenced by the endoenno status of the individuaL Patients 
previously normal suddenly begin to redistnbute body fat in rather constant 
patterns soon after the onset of certain endoenne disordeis A classical example 
IS found m the case of Cushing s syndrome m which obesity of the face and neck 
become promment along with loss of subcutaneous fat from the extremities 
When positive energy balance exists and there occurs an actual mcreasc m 
total body weight, the added fat is distnbuted, for the most part, in the upper 
half of the body The total body weight, on the other hand, may be normal 
or subnormal and yet the obesity of the face and neck is sufficient to suggest 
that the patient is greatly overweight (see figs 1 and 2) 

Similarly all who have observed the remarkable change that occurs m a 
sexually mature female who develops a vinliEmg tumor of an ovary, must agree 
that whatever may be the hereditary gene pattern for specific bodily form the 
influence of normal or abnormal endoenne function is an important determinant 
One IS all the more convinced when normal female distnbution of fat once 
agam returns upon remov al of the ov anon neoplasm 

No one doubts that two perfectly normal mdividuals, one male and one female 
will become obese if fed lOCX) calones m excess of their daily requirements for a 
sufficiently long penod If this is done at age 0, the distnbution of deposited 
fat \nll be general and almost identical If carried out after sexual matuntv 
on the other hand the localities of fat distnbution will be significantly different 
The influence upon regional distribution of fat has been exerted by a difference m 
endoenne function ‘ 

‘ Regional hpophilta Much has been written but little U known concerning the local 
mcchanlims which oUorr one region of the body to become a fat depot while preventing auch 
accumulation of fat in another It it interesting to remark in passlag however that in 
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Thus, with regard to the endocnne influence upon obesity, two factors must 
be sharply distmguished (1) the influence of the disturbance in increasmg food 
intake and/or decreasmg energy expenditure, (2) its influence m determining 
regional distnbution of fat The former is much less important than the latter 
That IS, mdmduals mth a given endocnne lesion may or may not be obese 
But obese individuals possessmg certam endocnne abnormalities are likely to 
exhibit a fairly characteristic distnbution of body fat The examimng physician 
must, therefore, pay close attention to the distnbution of fat in any obese 
mdividual It vtII occasionally lead him to the additional diagnosis of a specific 
endocnne disease 



Fig 1 Fig 2 


Hypophysis 1 Pituitary obesity This once popular clinical diagnosis is 
fortunately gradually disappeanng It was used to attach an etiological tag 
to the previously descnbed sjmdrome of adiposo-gemtal dystrophy This syn- 
drome of obesity and hypogonadism sometimes seen m patients w'ho have 
destructive lesions in the region of the stalk of the pituitary gland is reproducible 
in ammals bj means of experimental lesions at the base of the bram close to 
pituitarj’’ infundibulum (see hj^pothalamic obesity) That production of this 
complex IS independent of the presence or absence of the pituitary gland has 
been demonstrated (8, 12) It appears from the eindence at hand that clean 
removal of the pituitary (experimentally) or destructive lesions of the gland 
(chmcally), which do not injure important adjacent hjTiothalamic nuclei, 

humans in nhom an abnormal distribution of fat can be otiologically related to a known 
endocnne djsfunction the steriod hormones, adrenal cortex or gonads, appear almost 
invanablj to be involved 
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produce progrcssivo emacmbon and cachexin (8, 21, 22) and that dyEfunclion 
of hypothalamic centers is required for the deielopment of adiposo-gemtal 
dystrophy The mechanism by which gemtal dystrophy results from hypothala 
mic mpiry when the pituitary ^nd remains mtact needs further study 

It IS to be recalled that the thyroid and adrenal corte.'c which also depend 
for their integrity upon intact pituitary function, are not anatomically disturbed 
by the experimental lesion which produces adiposo-genital dystrophy (8) 
Hypophysectomy, as is well known, results m hypoplasia of all three (thyroid, 
adrenal cortex and gonads) 

Rony (23) and Schwarts et al (24) have reported that the administration of 
gonadotropic substances to patients with adiposo-gemtal dystrophy has no 
effect upon the adiposity even though it does induce gemtal dei elopment One 
IS forced to conclude from the available information that m true adiposo-gemtal 
dystrophy the mcreased desire for food (and consequently the obesity ) is the 
direct result of hypothalamic dysfunebon, that the accompanying gemtal 
dystrophy may mvolve a specific effect of the hypothalamic lesion upon the 
gonadotropic function of the antonor pituitary gland, or that the obesity per se 
has affected gemtal development In the latter conneebon, the frequent 
occurrence of delayed puberty m obese youngsters needs further emphasis 
(see under Gonads) 

2 Cvthtng't syndrome This special aituabon has been discussed in some 
detail above From a metabolic point of view it would appear that the interest- 
ing clinical picture is produced by prolonged increased secretory activity of the 
adrenal cortex (25) That in some cases the lesion is primary m the adrenal 
cortex IS clear (20) That an mdisbnguishable syndrome occurs m associabon 
with basophihe adenomas of the pituitary gland has also been shown (27) 
The connectmg link is found m the fact that a large percentage of the latter 
group of cases ha\ e developed hypertrophy of the adrenal corbees (28) Smee 
Cushmg’s syndrome, even when secondary to “pituitary basophilism”, appears 
to exist by virtue of hyperadrenocorbdsm, there is no reason to mcnminate the 
pitmtarj gland for any one of the many characteristic manifestabons of the 
disease 

Adrenal eortex A charactcrisbc type of distnbuhon of body fat occurs 
with great regularity m pabents with Cushing’s syndrome As mdicated aboi e 
the syndrome has been mterpreted as being duo to hyperadrenocorticism (25) 
The peculiar distribution of fat has attracted comment of nrtually all who hai e 
studied these patients The oharactensbc appearance has led to the beautifully 
descriptive term of humpty-dumpty disease” We (29) have recently con 
ducted a prolonged metabolic mvesbgabon of such a pahent and present his 
appearance as a typical example (figs 1 and 2) The striking accumulation of 
fat about the face, neck, shoulders and upper chest has been noted almost 
invariably’ Contrary to expectsbons from outward appearances, however, ( 

* An opportunity was afforded to demonatrate that this tissue is actually fat An abecess 
developed in the subcutaneous tissue beneath the chin At the time of Incision for drain 
age, a thick mass of adipose tissue was found to extend as far as the probing finger could 
reach 
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there is very httle adipose tissue under the abdominal skm The protruding 
abdomen appears to be due to loss of tone of the abdominal musculature Short- 
ening of the thoracic spine due to collapse of vertebral bodies (where this has 
occurred) mtensifies the appeal ance of obesity of the trunk Thus, the total 
amount of subcutaneous adipose tissue and, m fact, the total v eight of the 
patient, may be belov average But, overweight or not, the amount of fat 
about the face, neck and shoulders is excessive ^ Loss of body weight by caloric 
restnction proceeds normall}' (30) The basal metabohc rate, though fre- 
quently low, IS vanable 

A metabohc aberration in the form of excessive glyconeogenesis from protein 
wuth a resultant una\ ailability of armno acids for replacement of essential tissue 
needs (all due to hypersecretion of adrenal steroids) has been hjqiothesized by 
Albnght (25) to account for many of the physical abnormahties observed in 
such patients He refers to Woodyatt’s findmg (25) of negative nitrogen balance 
despite high protem feeding in an acute case of Cushing’s syndrome Although 
insufEcientty confirmed in patients with this disease, the thesis finds support 
in the animal experiments of Long and his associates (31) If true m Cushmg’s 
syndrome, it is conceivable that the mcreased appetite observed in the early 
stages of the disease represents an unsuccessful attempt at replacement of es- 
sential body protem and that despite the contmued loss of body protem a positiv e 
energy balance exists -with a resultant deposition of body fat That a dissociation 
of protein and energy balance may occur m the opposite direction, i e , a negative 
energy balance associated wuth positive mtrogen balance has been shown m 
our laboratory (32) 

Pancreatic islets A relationship betw'een hypoglycemia and the hunger 
mechamsm has long been recogmzed It has been suggested that a mild degree 
of hypoglycemia, insufficient to produce typical symptoms, could be the cause 
of the desire of obese persons foi mcreased amounts of food Studies of blood 
sugai levels m obese people fail to disclose any increased tendency tow ard hj - 
poglycemia In fact, the trend is decidedly toward hyperglycemia (33) 

Chrome, recurrent, spontaneous hypoglycemia in humans, severe enough 
to produce symptoms, ma^ result from any one of a vanety of causes (SL) 
Obesity, however, is a pi eminent feature in only one of these disturbances, 
namely, orgamc hypennsulmism In this condition hypogljcemia is likelj" 
to be more severe and moie piolonged than m any of the other conditions which 
result in low levels of blood sugar The patient often learns that he can prevent 
or alleviate attacks by frequent mgestion of food Hence, some become severely 
obese But others wnth hjqioglycemia of equal seventy nevei expenence an 
increased desire for food and do not become obese 

Functional hypennsulmism (34) represents a very frequent type of spontane- 
ous hypoglycemia manifesting itself in the form of transient symptoms occurring 
two to four hours postprandially These mdividuals mvanablj" mamtain a 
normal level of fasting blood sugar No lesion of the islet cells is recogmzable 
in this group, but it is suggested that functional hjqier-responsiveness of the 
insulogemc mechanism accounts for the severe but transient hypoglj'cemia 
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demonstrable These mdividunls arc of average weight or lean, arehighstning, 
emotionally unstable and display many other signs of instability of the vegeta 
tlve nervous system We have studied a large number of such cases and are 
impressed by tbe virtual absence of obesity m this group 

It appears, then, that if hy pogly cemia is to play a significant rfile m stimulat- 
ing excessive ingestion of food, it must be severe and prolonged to the pomt of 
easy cluneal recogmtion That such a situation is absent m the great mass of 
obese mdividuals is obvious. 

These climeal observations arc borne out by the animal experiments of McKay 
and Calloway (36) and of Barnes and Keeton (36) It was found that rats 
could be made to ingest sufficient extra food to produce obesity only when 
sev ere hypoglycemia w as mamf amed contmuously by the use of large amounts 
of protamme imo insuhn Rapidly absorbed insuhn which produced severe 
but relatively transient hypogly cemia did not result m mcreased total consurap 
tion of food It IS, therefore, extremely doubtful that “relative hypennsulm 
ism” plays any part m the production of obesity, with the rare exception of 
the patient harboring a pancreatic insuloma 

The possibihtv that insuhn may stimulate conversion of carbohydrate to 
fat has been suggested on several occasions But even were this assumption 
proven to be true, such a metabohe process would have no influence upon the 
production of obesity For whether energy requirements are provided by 
ingested carbohydrate or by fat derived from ingested carbohydrate is in- 
consequential Caloric balance would remam the same m either case and further 
assumptions would be necessary in order to explam mcrease in weight 

Finally, any possible idle, m the etiology of obesity , of hpotropic substances 
such as chohno and methionine (37) or the pancreatic hpocaic of Dragstedt (38) 
IS beyond present knowledge and need only bo mentioned as bemg related to 
the metabohsm of fat. 

Thyroid Little need be said regarding the relationship of hypothyroidism 
to the development of obesity It is clear to all that if the basal heat production 
is reduced by 40 per cent and, m addition, the daily spontaneous actmty is 
diminished by the very nature of the disease, the total dissipation of energy 
and, consequently, the requirement for energy will be significantly reduced 
Such an individual will unquestionably gam weight if he contmues to consume 
an amount of food which was formerly barely sufficient to mamtam his weight 
Intcrestmgly enough, however, and contrary to the usual clmical tcachmg, 
obesity is by no means a reliable mdex or a constant feature of hyqiothyroidism 
(10, 39, 40) For the majonty of such patients the hunger mechanism does an 
excellent job of diminishing food mtake to the new ly acquued level of metabol- 
ism In those in whom such adjustment is less sensitiv e, either obesity or under- 
nutntion may result 

Gonads The response of the body weight to gonadectomy is c.xtrcniely 
V annblc m animals and m humans Castration of domestic fowl has long been 
known to produce larger and fatter animals Castrate lambs and goats gnm 
less weight than their controls (41, 42) Gonndectomiied mole or female rata 
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show no increase in bodj fat over their controls (43) In men castration results 
in obesit}'' m some and in the “tall, lean castrate” in others Women are said 
to gam weight rapidly after the menopause That this is not true is well shown 
in the statistics compiled by Rony (44) 

From a practical point of viev obesity m association n ith hj^pogonadism occurs 
A\uth greatest frequency m pre-adolescent boys and girls At this stage of life 
hypogonadism is normal and the obesity is correctly regarded as “exogenous” 
The advent of normal puberty and the development of normal secondarj'- sex 
chaiactenstics is again correctly taken to mean that the continued obesity is 
not related to gonadal function But pity the child Avho is fat and m nhom 
the onset of puberty is dela 3 '^ed for several years! He is labelled as a case of 
“gonadal obesity”, “pituitar 3 " obesity” or “adiposo-gemtal dystrophy” and 
placed in a categor 3 " of endocrme cnpples Fortunately, the erroneous diagnosis 
proves to be shorthved The majonty of such patients sooner or later pass 
spontaneously through a delajed pubert}*^ period and become sexually mature 
The attendant redistnbution of body fat may change the appearance to one 
vhich conforms more closely to the normal male or female but the excess weight 
remains unless the patient is underfed As mentioned above, the use of gonado- 
tropic substances m such cases may promote sexual maturity, but does not 
affect excess weight (23, 24) 

On the other hand, it has been our expenence m these children that simple 
A\ eight reduction by dietarj means has resulted m the fairly prompt establish- 
ment of puberty This interesting phenomenon, i e , the r61e of obesity per se 
in mfluencmg gonadal function in adults as well as in adolescents requires 
elucidation 

HEREom VERSUS ExviBOXTUENT Little m the way of positiv e information 
can be cited for the case of “hereditary obesity” in humans As stated earher, 
the search for the fundamental cause or causes of obesity' must no longer concern 
itself mth whether the deielopment of obesity is associated with an excessive 
intake of calones That part of the problem is settled! Obesity', regardless 
of any precipitatmg cause, cannot develop unless associated mth a positive 
energy balance But the underlying mechanisms ivhich dnve the individual 
to ingest energj' in excess of his needs remain elusive Does there exist a gene 
or gene complex which, through its influence upon the central nervous system 
or the endocrme sjstem or by another mechanism, forces upon the stigmatized 
individual an irresistible desire for excess calones? The answer to this im- 
poitant question is not yet available 

Statistical studies (45, 46) w hile m many respects suggestiv'e of an hereditarj' 
fault, hav'e not eliminated environmental influences as factors of pnme im- 
portance m the acquisition of obesity' as a familial charactenstic Studies upon 
groups of identical twins simpty emphasize the importance of environmental 
influences upon bodj' weight The studies of Verchuer (47) and of Neuman (48) 
indicate that the average variation of body weight of identical twins is two to 
three times greater than the av'erage vanation of any of the other anthropologic 
measurements That the average vanation in bodj weight of fraternal twins 
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13 greater than that of identical tmnB (48) gives no information referable to 
the transmission of a gene capable of produomg the abnormal slate known as 
obesity 

The important experiments of Danforth (49) proved conclusively that in a 
yellow strain of wild mice there exists a gene, probably associated with that 
imparting the jellow color, which regularly produces obesity, that the obesity 
begins after sexuai matuntj , and that the obesity u much more marked in 
the female than m the male harbonng the same gene Experiments with this 
stram earned out m our laboratory, indicate that an mcreased consumption of 
food occurs in those anmals which become obese Thus, m this species, there 
can be httle doubt that heredity piays a dominant rdle m mitiatmg a positive 
energy balance That a similar background may exist m some humans can at 
present be neither demed nor affirmed 

On the other hand, the positive influence of environmental factors upon bodj 
weight IB ivell established Almost all students of obesity agree upon one point, 
1 e , that at least some obese mdividuals are victims of ciroumstance and that 
their obesity is the result solely of a perverted appetite Hence, all classifica 
tions of obesity mclude a tj-pe designated as ‘ exogenous obesity” The ex 
penenced clinician, while justifiably reserving the right to consider hereditary 
factors m the etiology of obesitj, has no doubt about the influence of eariy 
traming acquired habits of food selection and emotion upon the development 
of the condition Appetite, as opposed to hunger, is a product of one’s environ 
ment and is unportanUy affected by pleasurable and pamful axpenences One 
emotionally disturbed person is distressed bj the sight or smell of food (anorexia 
nervosa) while another finds rehef of mentai anguish m the pleasurable sensa 
tion of a full stomach The direction of his reaction toward food may be signifi- 
cantly influenced by past experiences, training and habit This is not to implj 
that all or even a majority of obese people are emotionally upset Many are 
simply victims, of earlj trauung They have been conditioned to a higher 
“aabety level’ than is required by the physiological needs of the body 

Anomalies or metabolism A number of theories have been projiosed 
suggestmg an abnormal melabohc pathway for fat, protein or carbohydrate, 
the result of which was to lead to the deposition and retention of excessive 
amounts of adipose tissue Dev oid of experimental confirmation, such concepts 
arose because of the common clinical observation that many obese jieople 
subjected to strmgent and controlled underfeedmg fml to lose weight as exjiected 
The experiments dealing with the masking effect of temjxiraiy retention of 
water during penods of actual destruction of tissue (see Part I) soon damjiened 
the enthusiasm of those who had contended that the fundamental laws of ther 
modynamics could be violated by certam fat jieople The more recent concepts of 
disordered metabolism as a cause of obesity have included the obnous necessity 
for excessive calories The abnormal metabohe process is then held resjxinsiblo 
for the exccssiv o desire for food Since some of these alleged metabohe nber 
rations have been dealt with in detail elsewhere the reader is referred to the 
previous discussions where possible 
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1 Hypoglycemia (See under Endocrine Obesitj^ 

2 Lipophilia (See under Lipophilia, Part I) 

An additional comment regardmg lipophilia (fat-fixation, fat unmobihzation, 
etc ) IS indicated at this point Bauer (50) although holdmg firmly to the 
concept of mcreased hpophiha as the important mechamsm in the production 
of obesity, freely adimts that restnction of calones is the only sensible and 
effective method of treatment The fact that any obese individual when fed 
a diet spbmamtenance in calones, but suflBcientl}' adequate m protein to provide 
for mtrogen eqmhbnum, loses 50, 100 or more pounds of body weight, is m 
itself the strongest argument against immobilization of body fat as a source of 
fuel One cannot reconcile the concept of tissue hpophiha with the findmg 
that body fat will provide the energy to make up whatever calonc deficit is 
provided by underfeeding 

3 Eypolipemia Wilder (51) has suggested that a shghtly greater than 
normal withdrawal of fat from the circulation postprandially could explain the 
delayed sense of satiety encountered m obese people and could account for the 
increased total mtake of food Such a mechanism, if it existed, could explam 
the maintenance of obesity (once established) were the increased rate of with- 
drawal of circulatmg blood fat due to the mcreased need for energy known 
to be associated Tvith the obese state But m order to be important as a cause 
of obesity, such an abnormahty would have to be shovm to exist m certam 
individuals before the onset of obesity, and to persist after successful dietary 
reduction of weight Such information is not available A point, therefore, 
to be evaluated with great care m mterpretmg any metabohc vanant observed 
m obesity, is the effect of the obesity per se m producing the abnormality en- 
countered 

Static obesity Fmally, any discussion of possible etiological factors in- 
volved in the production of obesity should bnng out several significant pomts 
Tvith regard to the mamtenance of the obese state A critical ^analysis of static 
obesity helps to simplify the problem of its production 

It IS common knowledge that most obese people ei entually reach a level of 
body weight which remains relatively constant thereafter The level may be 
200 pounds or 500 pounds or any other amount which mdicates the presence of 
obesity What are the energy relationships when this static weight is reached? 
Does the cessation of gam m weight mean that the individual is now eatmg less 
than he has been previously? Decidedly not' Assummg that his gam of 
weight has been steady and even, he Tnll now be found to be eatmg at least as 
much as he v as at any tune during the penod of mcreasmg weight The only 
possibihty remammg is that he is now expending more energy than had been the 
case dunng the tune that his weight was mcreasmg Let us examme the facts 

That basal heat production rises m relation to mcreasmg surface area is a 
classical and well established phenomenon This means that as the body 
enlarges, the requirement for mgested energj’' to make it grow larger mcreases 
progressively There comes a tune when, because of mcreased size of the body 
an equdibnum is estabhshed between calonc mflov and calonc exiienditure, and 
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Fig i Excess calories plotted against irelght In order to maintain a given rate of 
weight gain caloric Intake must be increased progressively as the body enlarges 


positive energy balance ceases \Vcight is then maintained at the new high 
lo\"el unless cnerg> intake is further increased The amount of energy now 
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required for maintenance of body weight W’as formerly sufficient to produce at 
first a rapid and later a slow gam m weight Figures 3 and 4 are clearly il- 
lustrative of this phenomenon 

This physiological mcrease m the dissipation of energy as surface area in- 
creases IS not pecuhar to anj'^ class of warm blooded n.mmnls (62) It occurs m 
any normal animal or human who is forced-fed to the pomt of mcreased surface 
area Thus the mechanisms for the dissipation of energ}’^ m the obese mdmdual 
respond m the normal w^ay One is faced, therefore, with the inevitable con- 
clusion that the defect m obesity, whatever its dynamic mechanism, is to be 
found on intake side, i e , the mgestion of excessive amounts of energy 

STTUMABY 

Obesity is mvanably the result of an overall mtake of energy which has ex- 
ceeded the total dissipation of energy by the body, i e , a positive energy balance 
With the few exceptions associated with an abnormally low basal metabohc 
rate (and the latter is by no means limited to fat people), the mechanisms for the 
dissipation of energy from the obese body are normal The fundamental fault, 
therefore, is to be found in the cause or causes of an evce^ve desire for food 
Experimentally a number of mechanisms leadmg to a desire for excessive 
amounts of food have been demonstrated They include bilateral hypothalamic 
injury (rat, dog and monkey), severe and prolonged msulm h3T50glycemia 
(rat), and hereditary bulimia m a stram of mice It has not been established 
that these are sigmficant causal factors m human obesity 
Abnormahties of the endocrine system which affect adipose tissue are more 
importantly related to the distnbution of body fat than to excessive accumula- 
tion of it The search for metabohc aberrations which could lead to obesity 
has not been fruitful 

Environmental influences upon appetite are established causes of a very 
large number of obese patients These mclude emotional difficulties, family 
habit, early trainmg, affluence, boredom, etc Other patients become obese, not 
because they eat more, but because they expend less Vanous types of pro- 
longed lUness, advancmg years and change to less active occupations result in 
obesity W'hen a correspondmg dimmution in appetite fails to take place 
The classification of obesity as exogenous, endogenous, endocnne, pituitary, 
thsuogenous, gonadal, etc , is imsleadmg and should be discontinued 
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A cntical appraisal of the literature on the cellular constitution of the marrow 
of healthy mdividuals can be made only m the hght of an understandmg of the 
anatomy and phj^siologj’- of the marrow, the objectives of marrow studies, the 
methods of study available, and the manj' vanables affectmg the composition of 
the specimen obtamed for evammation 

Anatomy and phtsiologa of bone makrow (1) The marrow is the largest, 
most widely dispersed, and least homogeneous organ m the body Its volume is 
one to tw o times that of the hver, or 1,600 to 3,000 cc m the adult Its location 
Avithm the mterstices of cancellous bone and between the trabeculae of the mar- 
row^ cavities m long bones makes complete study of aU the marrow an almost 
impossible feat The vascular and nerve supply are imperfectly understood, 
what knowledge we do have bemg based on studies on birds or lower mammas 
under abnormal conditions These studies suggest that smusoids probably sub- 
stitute for the capillary bed of most organs and that these smusoids are probably 
a closed system with most of the smusoids collapsed at any one time Human 
bone marrow vanes from an almost exclusively fatty tissue to the most cellular 
red marrow , wTth all gradations m between "While m the adult fat predommates 
in the shafts of the long bones and red marrow m the cancellous heads of these 
bones and the flat bones, all gradations are often seen m a smgle histologic section 
of grossly red marrow from a healthy person Not only is cellular marrow mter- 
spersed with fat but m the cellular area adjacent foci consist of different cell types 
and he next to vascular channels filled with blood In disease this patchy 
structure is still more pronounced, as witness the lesions of multiple myeloma, 
metastatic neoplasms, and the hpoid histiocytoses 

The important functions of the marrow are the formation of the cells of the 
blood, the removal of particulate matter from the blood, and the possible produc- 
tion of antibodies and plasma protems Except in disease or embryomc hfe all 
formation of cells of the erythrocytic, granulocjdic, and thromboc3dic senes 
apparently occurs in the marrow, and the formation of cells of the lymphocytic, 
monocytic, and plasmacytic senes is shared with the lymph nodes, spleen, and 
other Ijonphoid or reticuloendothehal tissue Evidence suggests that ei^dhrocjde 
formation is primarily intravascular m temporarily closed smusoids and that the 
other cells are formed extravascularly 

The formation of these cells mvolves the fundamental processes of growth 
mcrease m size or hj^iertrophy, either mitotic or amitotic cell division or hyper- 
plasia, maturation or differentiation, and, in addition, release mto the circulation 
In the formation of platelets the splittmg off of fragments of cytoplasm is also 
important The important cells vary m diameter from one or two micra for the 
smallest platelets to sixty micra or more for the megalokaryocjdes 
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Objectives OF OBTAINING HARROW BPEcniENH Marrow Bpeciinens are studied 
to learn more about its structure and its function in health, that is, to add to 
knowledge of normal anatomy and physiology, to detect deviations from normal 
in disease for diagnostic purposes, or to obtain material for tissue culture, for 
bacterial culture, or for identification of parasites The method of choice de- 
pends upon the objective. 

Methods or ouTAiNiNa marrow specimens, with advantages and dib 
ADVANTAGES OF EACH METHOD The ideal method of obtaining marrow speci 
mens would permit removal of a large, representative, measured specimen m 
such form that accurate cell identificaUon and counts of each type of cell may be 
obtamed and all structural relationships could be observed, Unfortunatelj , no 
such method exists The methods which are available include postmortem sec 
tions, procurement of a button of marrow b> use of a trephine during life, and 
aspiration of marrow through a needle, either postmortem or during life, and, m 
conjunction with the latter method, the possible removal of a core of marrow by 
the use of a serrated hollow drill longer than the needle (2) Each method has 
certain advantages and certain disadvantages 

Postmortem study of marrow is probably best for detemmung the normal 
anatomy of the marrow It permits sections of all the major bones, so that a 
gross determmatioE of the relative distnbution of yellow and red marrow roa> be 
made Gross inspection of the cross sections of bone may guide the selection of 
the tissue to be removed for microscopic stud} Isumerous enough and large 
enough specimens may be obtamed to discount the patch} distribution of cells 
vnthm the morrow As with the other methods, fixed sections, imprmts, and coll 
suspenaons ma} all bo studied, and special injection technics through the vascu- 
lar system may be employed There are, however, man} disadvantages to 
postmortem studies A diagnosis made then is ob^^ousl} too late to be of value 
to the patient Unless tho specimens are obtamed nithin a few mmutes after 
death autolysis will have set m (3), cell morpholog} is destro}ed, and coagulation 
of the blood prevents aspiration of a satisfactor} sample Onl} rarely is post 
mortem material available within q few minutes of death when there is adequate 
evidence of the previous good health of the subject The feu studies so far made 
(4) on such material have been inadequate m one or more respects Not enough 
subjects have been examined Cntecia of previous health hav e been inadequate 
Gross and microscopic sections hav e not included enough bones Imprmts and 
cell suspensions have usuallv not been made Yot it appears that accurate data 
on tho actual normal anatom} of human morrow can onl} be obtained b} pDst 
mortem stud} It is important when such a stud} is made that measured or 
weighed blocks of marrow of one or more cubic centimeters v olume bo suspended 
m measured volumes of homologous serum and that total nucleated cell counts as 
vrcll as difTcrentiol cell counts on smears from this matenal be compared with 
aspirated morrow from an adjacent area and with sections and impnnt propara 
tions The volume and morpholog} of the unsuspendable residue should also 
be noted 

Obtaining a button of marrow by trephmo during life (6) has the advantages 
of pormiCtmg the read} preparation of impnnta and microscopic sectlor _ 
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several senous disadvantages, however It leaves a disfiguring scar which is 
especially objectionable to women It is a more formidable procedure than aspi- 
ration So small an area is examined that patchy lesions are easily missed A 
total nucleated ceU count and an accurate differential cell coimt are impossible, 
as wiU be shown later Although Dameshek, HenstaU and Valentme (6), from 
their study of the comparative quahty of preparations made from matenal ob- 
tamed by trephmation and by sternal aspiration from the same patient, concluded 
that the cellulanty, reticulocyte percentage, rfelative number of erythroblastic to 
granulocytic cells, and absolute number of early nucleated cells m smears made 
from matenal obtamed by trephmation was much greater. Falconer and Leonard 
(7), m a comparable study, after evaluation of preparations made by simultaneous 
trephmation and sternal aspiration on 13 cases state “In only one of these were 
sigmficantly supenor preparations as to number, type, and distnbution of cells 
obtained by the trephme method ” 

Needle aspiration of marrow has, smce the mtroduction of the method by 
Caroma (8) in 1922 from the tibia m children and by Annkm (9) m 1927 from the 
sternum m adults, shown such defimte advantages for diagnostic purposes that 
it IS now used all over the world It is a simple procedure which can be done in 
the office or at the bedside Cell morphology is better than ivith any other 
method Total nucleated cell counts as well as differential ceU counts are pos- 
sible Enough matenal is obtainable for bactenal (10) and tissue (11) culture, 
peroxidase and reticulocyte stams, thick drop preparations, or other special 
procedures, and to penmt diagnosis of patchy lesions such as multiple myeloma 
and hpoid histiocytoses, as weU as the diffuse lesions of leukemias, aneimas, 
marrow aplasia, malana, and leishmamasis If imprmts and sections are de- 
sired small fragments of marrow may usuaUy be fished from the punctate from 
which satisfactory preparations may be made (12), or a hoUow dnll with serrated 
edge (2) may be inserted through the needle to obtam a core of marrow before 
aspiration The disadvantages of the method are that patchy lesions wiU occa- 
sionaUy be missed and that there may occasionally be failures to obtam marrow 
One of the authors (E E 0 ) has failed to obtam marrow only once m the last 
thousand punctures, but marrow was obtamed from this patient on another 
occasion There were 5 failures among the first 62 sternal punctures done (13) 

It seems certam, however, that failure to obtam marrow would result m cases of 
osteosclerosis The cnticism often raised (14) that ceU relationships are lost 
and that a vanable amount of blood is aspirated is valid if only the suspension is 
exammed, but as pomted out above matenal suitable for sections and impnnts 
can usually be obtamed In the majonty of instances aspirated matenal is 
satisfactory for diagnosis, if a diagnosis can be made by ex amin ation of the mar- 
row obtamed by any techmc, although x-ray studies and necropsy marrow 
exammation are unquestionably more likely to detect osteomyehtis and metas- 
tases of mahgnant tumors 

The relative merits of sections, imprints, and smears from cell sus- 
pensions Sections, impnnts, or smears from cell suspensions can be made from 
matenal obtamed by any of the above methods 
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Microscopic Boctions have the advantage of preserving cell relationahipa and of 
including all tj-pcs of cells Ad\ ocates of this method claim to bo able to identify 
cells m such sections, and some (4) ev en report differential cell counts on secbons 
Home! er, even if all the cells and cut fragments of cells could be identified m a 
section, nhich the authors doubt, differential cell counts would be grossly m error, 
for the reason that the larger the coll the more tunes fragments of such cells would 
appear m the section, and the smaller the cell the more likely is it to be obscured 
by an overlymg cell or fragment of cell tVhen the finest nuclear detail is often 
necessaiy for identification, how can the cell fragments from which most or all 
of the nucleus has been cut off be identified, and how is one to decide how large a 
fragment of a cell must appear m a section for it to be counted? 

Imprmt or touch preparations made from the freshly obtamed buttons of 
marrow obtamed bj trephme dunng life or withm a few mmutes after death have 
the advantages of giving excellent cell morphology in the thinner areas and of 
presemng the general groupmg of cells m the marrow The inclusion of cell 
fragments and the understaining of thicker masses of cells which adhere to the 
slide make it impossible, however, to do a systematic diffcrentisl cell count of aU 
cells in the imprmt, and the probable differences m the adheafveness of vanous 
types of cells make it very unlikely that the proportions of cells adherent to 
the shde actually represent the proportions of cells m the marrow Furthermore, 
because of the tenden^ of sunilar cell senes to appear m groups m the marrow an 
accurate differential cdl count is impoesiblo, even if all cells were identifiable, 
unless extremely large numbers were counted, because of the chance selection of 
patches of cells of predominantly one type 

Cell suspensions obtained bj the techmo of sternal marrow aspiration have the 
great advantage that thej may be thoroughly shaken, insurmg a uniform distn 
bution of the cells so obtained, of penmtting quantitative total nucleated cell 
counts which give a rough idea of the degree of cellulanty of the marrow, and of 
permittmg accurate cell identification and differential cell counting The pro- 
portion of mechanically traumatised or damaged colls is much less than in the 
other methods The disadvantages are that cell relationships are lost, the cells 
mav not bo equally casilj aspirated so that the proportions of cells may not be 
that actually occumng m the marrow, and that the amount of dilution with 
blood and plasma may not be accurntelj determinable The fat cells, fibro- 
blasts and reticuloendothelial cells known to be present in the marrow ore not 
usuallj present m the aspirated material m identifiable forms That these dis- 
adv antnges are not senous is demonstrated bj the fact that correct diagnoses are 
usually achieved bj oxaimnation of such material The coll relahonships which 
existed in the marrow con usuallj be accurntelj predicted from the cell tj'pes 
found m the punctate, the relative percentages, and the total nucleated cell count, 
if in the interpretation the oxistont knfiwledge of the gross and microscopic 
cellular distribution m the corresponding disease is considered for example, the 
findmg of Gaucher cells, tumor cells or a moderate mcreasc in plasmacytes indi 
cates the presence of the patchy lesions of Gaucher s disease, metastatic malignant 
tumor or multiple mj eloraa, whereas, the great increase in the type cell of any 
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form of leukemia or the immature nucleated erj-throcytes mdicates the diffuse 
hj^ierplasia characteristic of the correspondmg leukemia or anemia of the vanety 
mdicated by the cell morphology The nucleated cell count shows a high 
correlation with the proportion of fatty or fibrous tissue to hematopoietic cells, 
so that low total nucleated cell counts mdicate aplasia, agranulocytosis, or osteo- 
sclerosis Occasionally, m certam aleukemic leukemias and when the needle 
enters the metastasis of a mahgnant tumor, the cells are so firmly adherent to 
one another that a representative number is not aspirated and the total nucleated 
cell count is low Usually, however, a sufficient number of the characteristic 
cells of aleukemic leukemia is aspirated to estabhsh the correct diagnosis, and 
occasionally this is true in mahgnant tumors In the presence of metastases 
of mahgnant neoplasms, other methods are more reliable than any form of marrow 
exanunation A high nucleated cell count mdicates hyperplasia, except m those 
cases when a very small quantity of marrow is aspirated and the tip of the needle 
lies in a nest of cells or when the proportionately larger evaporation m relation 
to the small volume is not prevented These possibihties are eliminated by tak- 
mg a larger amount The vanable dilution with blood and plasma apphes also 
to sections and imprmts It must be remembered that blood is present m the 
smusoids and vascular channels m both normal and pathologic marrows, and is of 
necessity mcluded m such preparations as well as m preparations made by the 
techmc of aspiration 

It IS evident, therefore, that the method of choice for clmical diagnosis or for 
obtaimng marrov for bactenal or tissue culture is the aspiration and adequate 
exammation of sternal marrow , and that for the study of the normal anatomy the 
method of choice is the procurement and adequate exammation of fresh necropsy 
matenal from health}'’ persons who were executed or killed accidentally or m 
battle 

The site of puncture It is possible to obtam marrow by needle puncture 
aspiration from many different bones, mcludmg the shaft or head of the tibia, the 
head of the femur, the crest of the ihum, the body or manubnum of the sternum, 
the nbs, and, accordmg to Nordenson (15), the vertebrae Smce m adults it is 
knowTi that the marrow from the shafts of the long bones is predominantly fatty 
it would seem desirable not to use this site m a study of the normal marrow picture 
In infants and young children this marrow is deeply red, and considerable work 
has been published on the tibial marrow m children (16) Obviously, any study 
of marroiv obtamed by biops}' should state the exact site of puncture A number 
of different sites have been used by different authors There is considerable e'vi- 
dence that the marrow obtamed by aspiration from different areas m the same 
bones or from different bones m the same person is of similar composition, if the 
person is healthy and the sites are those that normally show red marrow Nor- 
denson (15) compared the differential cell counts on sternal marrow ■with those 
taken from the vertebra, nb, pelvic bone, and tibial epiphysis m two patients -with 
normal penpheral blood pictures and foimd good agreement m all the areas except 
the latter which was almost completely inactive Stasney and Bbggins (17) 
compared the marrow obtamed withm five hours after accidental death from 14 
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persons without evidence of disease of anj hematopoiebe organ or signs of infec- 
tion They examined sternal marrow , nb marrow, and i ertebral marrow and 
found excellent agreement in the proportions of the gmnulocytio and nucleated 
erythroeytic senes and in the differential cell counts "inmamoto (18), Lessen 
(10) and 17111101118 (20) each reported that there w as a marked mmilan ty m the 
cellular pattern of marrow taken from different regions Conclusions to the 
contrary by Helpap (21) w ere based largely on gross pathologic findings and not 
on actual compamtii e cell counts 

Smee the majonty of the w ork has been done on the sternum and smee it is the 
most convement site accessible for puncture it would seem best to standardize on 
the sternum as the site of choice, except when local tumore demonstrated by 
physical oxammation or radiography mdicate a reason for puncture at another 
site 

Greif (22), comparing different sites of puncture in the sternum, found excellent 
agreement between neighboring punctures at the same horizontal lex el and not 
quite as good agreement between punctures at different vertical levels, although 
as will be mentioned later his method may introduce considerable error A 
number of authors prefer the manubnnm to the body of the etemum Veene- 
klaas (23), from anatomical studies of fifty stemums in infanta, recommended the 
manubrium of the sternum as the ate of choice for puncture m this age group 
Diwany (24), from x ray and postmortem studies, also recommends that the 
manubnum be used for the firat few months but prefers the first stemebra m 
infants over six months of age 

Smee sternal puncture is more easily performed through the stemomanubnal 
junction because the soft cartilaginous end of the bone is easily penetrated by 
rotatmg the needle with very httle pressure, obviating the use of a hammer or 
mallet to drive m the needle, and smee this would standardize the lex el of punc 
ture, it is recommended that the midlme of the stemomanubnal junction should 
be the site of choice for mtroduction of the needle It makes httle difference 
whether it is directed mto the body of the sternum or into the manubnum This 
choice may be based on the anatomic structure of the particular subject The 
body of the sternum is usually preferable in adults and the manubnum in children 
under six months of ago or in those adults whose manubna project nntenor to 
the surface of the body of the sternum 

The TECHNIC of puncture Many different methods of sternal puncture have 
been desenbed, but it is not in the prox mce of this article to review these methods 
Certamly, however, nn article on normal values should state the exact method 
emplox ed The methods x ary m the size of the needle, the direction m w hich it 
13 inserted, the site of puncture, and particularly m the method of forcing the 
needle into tlie marrow caxnty One mxcstigator (25) used a mallet or hammer 
to dnxe in the needle Often n guard which is supposed to prevent too deep 
penetration by the needle is utilized (2G) Wliile nnx of the methods described 
IS apparently satisfactory ns far as obtaming mntennl suitable for diagnosis is 
concerned it would seem that the simplest and safest technic producing the least 
discomfort for the patient should be the method of choice The simplest and 
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to us to be that one m which, after 

a ^LT f^T penosteum, a 16 to 18 gauge needle with 

a weU fitted stjdet and a knurled head is introduced diagonally through the 

stemomMubnal junction and rotated without much pressure m one direction 
like a (M, at all times under perfect control by the fingers of the other hand rest- 
ing on the sternum It certamly requires the least comphcated and expensive 
apparatus 

The amount of juteriae necessary The amount of matenal aspirated 
obviously will have a considerable effect on the number of marrow-specific cells 
and on the distance from the needle from which they can be obtamed, yet some 
authors fail to mention the amount of marroA\ aspirated (28) Greif (29) found 
that if 0 1 cc portions uere aspirated successively and exammed separately, 
Avhether the first 0 1 cc was aspirated quickly and the second slowlj’’ or vice 
versa, the first 0 1 cc had a consistently higher total nucleated cell count 
than the second 0 1 cc He, therefore, recommended that the first 0 1 cc be 
used for exammation In 1938 (22) he aspirated and made total nucleated cell 
counts on successive drops up to 5 drops on 15 cases A consistent tendency 
for the total nucleated cell count to decrease m the first three drops and then 
to level off was noted He also compared the first 0 1 cc with the second 0 1 
cc aspirated on 15 cases and noted a lower count m the latter than m the former 
Segerdahl (30) compared successive 0 2 cc aspirations and found a considerable 
decrease m count in the second 0 2 cc Reich and Kolb (31), on marrows from 
patients vnth vanous diseases, compared the first 2 5 cc aspirated with the 
second 2 5 cc aspirated Inspection of then figures reveals no consistent tend- 
ency for the second count to be lower or higher than the first count, and the 
majonty of the counts agreed uithin the limits of error of cell counting technic, 
although the authors themselves conclude that “statistical anah'sis mdicates 
that quantitative determinations on aspirated marrow samples are inaccurate ” 
One of us (E E 0 ) has made a few unpublished studies, companng the first 
0 1 cc , the first 1 cc , and the last 1 cc of 10 cc samples aspirated A consider- 
ably higher count was noted in the first 0 1 cc than m the 1 cc sample, but the 
first 1 cc and the last 1 cc of 10 cc aspirated showed comparatively good agree- 
ment, considermg the unavoidable errors in cell countmg technic There was 
no consistent tendency for the last 1 cc to have a lower count than the first 1 cc 
On the basis of the higher counts in the first 0 1 cc , man 3 ^ authors have felt 
that it was wiser to do all the work with the first 0 1 cc aspirated from the 
marrow (32) However, for practical climcal purposes there are several objec- 
tions to this It IS difficult to measure accurately such a small volume, and 
the fact that there is great change m cell counts m successive 0 1 cc portions 
aspirated means that considerable errors will be produced from this cause alone 
Removal of such a small quantity can not possibly aspirate cells from more 
than a few imlhmetera from the tip of the needle, whereas, if 1 cc or more is 

„^,^nfpd cells from a considerable distance might be mcluded, thus obtainmg 
ipuaicu i , n,of. anhmllv nenetrate 


as; 


cells from patchy lesions which the needle did not actually penetrate 
of transfer of a small volume, such as 0 1 cc , to a watch glass 


type 

During the process 
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mixing, and reaapiration for counta and making smears, very appreciable loss 
by evaporation must take place, and this will be variable with the time consumed 
and the temperature and humidity of the room Smce, when larger volumes 
are aspirated the count no longer becomes progressii ely lower but tends to 
remain uniform or shovr plus or minus variations, it is obvious that one is not 
continuing to draw only blood and further dilute the sample but to withdraw 
a more uniform nuxture of blood and marrow Inspection of table 1, m which 
total nucleated cell counts am summanaed, also reveals that where larger 
amounts were taken the total variability of range was markedly decreased^ 
Port of the vanabihty when small samples are taken is undoubtedly due to the 
chance location of the tip of the needle near a nest of cellular marrow or within 
a blood amuB or m a less celhilar fatty area The larger samples also permit 
use of a measured amount of anticoagulant m relation to the amount of marrow 
fluid aspirated and examination over a penod of time with a chance to do 
additional tests, such os a peroxidase stam, multiple smears, a reticulocyte count 


TABLE 1 

Tohd nveJeaU4 all eaunU per cubic mtUirMlcr of «temo{ ntofTw tn aduUf 


AUUOK 

1 BO or 

1 CAin 

CCACrouzO 

ATKXXOt 

tJMOZ 

Tempka and Braun (28) 

3 


55 200 


&«gerdahl (80) 

110 

0 2 

77 m 

10 600-238,000 

hapler and Qupta (63) 

10 

2 0 

63 600 

82 600-116 000 

de Itenii and Fuortea (28) 

20 


33 116 


Pitts and Paokham (64) 

24 

2 0 

28,100 

7 TOO- 46 000 

Gonnsen (65) ! 

so 1 

0 1-0 2 1 

64 000 

18 000-216 000 


etc,, should the routine total nucleated cell count and differential cell count 
indicate that such additional examinations are necessarj" 

It 13 recommended, therefore, that for diagnostic purposes 1 0 cc or more of 
marrow be aspirated and that if the actual cellular constitution of marrow os it 
exists IS to be determined, fragments of jparrow, after measurement of the 
volume, be suspended m a known volume of homologous serum and counts be 
made on these or from a core of matennl remoied with a hollow drill with a 
serrated edge and snnilarlj suspended If the smaller quantities are to be used 
for diagnostic purposes it will certainly be necessarj for the hematologist always 
to remove exactly the same amount of marrow m the same m a nn er, to make a 
correction for evaporation based on the temperature, humidity, and time of 
making preparations from that marrow, and to determine his own normals 
for that particular techmc 

Preparation op marrow for examination Great \anationa in the meth 
ods of preparing marrow for examination exist Some authors examine smears 
or imprints of solid fragments of marrow (33) Some allow the material to 
clot and make tissue sections (34) Others centrifugate and make smears 
and sechona from the huffy coat (35) A few , mcludmg Grcif (22), Joppich and 
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cytes) by other authors and m the rhabdocyte (staff cell) column by still others 
There was also a wide difference m the hne of separation between the neutrophil 
rhabdoc}'tes (staff cells) and neutrophd lobocytes (polymorphonuclear neutro- 
phil leukocytes) Some authors dmded them on the basis of whether they 
were filamented or nonfilamented, which ne recommend, and others segregated 
the lobocytes (polymorphonuclear neutrophil leukocytes) from the rhabdocytes 
(staff cells) when there was a slight mdentation of the nucleus Because of the 
relatively small numbers it did not seem practical to mclude the different stages 
of development of the eosmophils or of the basophils separately Notwith- 
standmg the groupmg of all forms of eosmophils together there is a surpnsmg 
vanation m results If any cell should be easily recogmzed and identified as 
the same by all mvestigators they would certainly seem to be the eosmophils 
The high mean value of 9 1 per cent eosmophils was m Indian subjects, which 
makes one suspect that parasitic infestation may have been present 
Cntena for classification of nucleated erythrocytes were even more vanable 
and difficult to mterpret than those given for the leukocytes This difficulty 
has been discussed elsewhere (59), so it wdl not be repeated here, except to 
emphasize that different authors (46) use the term “megaloblast” with entirely 
different meamngs w'hich are mutually exclusive 
The miscellaneous column mcludes a number of different types of cells that 
could not justifiably be placed under any other headmg The names used by 
the ongmal authors for these cells will be found beneath the table with the 
correspondmg capital letter Young and Osgood, and Pitts and Packham m- 
cluded dismtegrated cells m the differential cell count, and allowance must be 
made for the resulting reduction m the percentages of the other cell types 
Megalokaryocytes are too few in number to be counted accurately in the 
ordmary differential cell count Limarzi and Schleicher (60), by another 
method, have estimated the number of these cells as 58 8 per milUon nucleated 
bone marrow cells, or approximately 0 006 per cent Because Momson and 
Samwick, m their ongmal article, gave percentages for the granulocytic senes 
and the nucleated erythrocjdic senes, totalhng 100 per cent for each senes 
it w'as necessary to recalculate their data from the ratios of the granulocytic 
senes to the nucleated erjdhrocytic senes, or the granulocytic senes to the 
lymphocytic senes, and of the granulocytic senes to the plasmacytic senes which 
were given, and the 3 0 per cent m the miscellaneous column equals the error 
m recalculation to a basis of a differential cell count of all nucleated cells equal 
to 100 per cent The authors agree with Segerdahl (30) and Naegeh (61) that 
the category of Ferrata cells should probably be discarded, smce they apparently 
represent dismtegrated granulocytes (myelocytes), progranulocytes (promyelo- 
cytes), and granuloblasts (myeloblasts), and occasionally dismtegratmg promono- 
cytes from the descnptions and illustrations given (62) 

Although the senes is obviously not homogeneous enough m cntena of cell 
identification to penmt accurate mterpretation of the means, it did seem worth 
while to calculate the weighted means of the cell groups In makmg these 
calculations it was necessary to group together certam categones because of 



CELLULAR COMPOSITION OF BONTl MARROIV 


61 


much overlappmg The range of means is also included to gi\ e an idea of the 
wide differences obtamed bj different authors This seems to be due largely 
to differences m cell identification The ncighted means of the total granulo- 
cytic senes, the lymphocytic senes, the monocytic senes, and the total nucleated 
erythrocytic senes nere also calculated so that the ratios could be computed 
The ratio tor the entire senes of cases in table 2 of granulocytic senes nucleated 
eiythrocytic senes was 63 0 17 21, or 3 67 1 0, of the granulocytic senes 
lymphocytic senes was 03 1 14,2, or 4 44 1 0, of the granulocj bo senes mono 
cytic senes was 03 21 1 71, or 37 1 

Segerdahl (30) was the only author who studied men and women of comparable 
ages, and slie found no significant differences in the values for the granulocytic 
senes and lory slightlj lower values for the nucleated erythrocytic senes m 
■women Some idea of the similantlca of results m the two sexes m siimlar age 
groups can be obtamed by comparing the data of Young and Osgood with those 
of Pitts and Packham These studies were made bj the same technic ■with 
identical entena for cell identificabon The former studied only males, tmd 
the latter studied only females 

The data available on diffcrenbal cell counts in infants and chddren am 
tabulated m a similar maimer m table 4 Thctabulabon was made m order of 
moreasing age from premature Infants to children up to 16 years of age The 
averages were not computed, smes age groups obmously differed greatly From 
a comparison of Tables 3 and 4 it is apparent that the differences m differentml 
cell counts m children and adults are relatively slight compared to the vanationa 
in the figures of different mvestigators on the same age group If there is any 
significant difference it is a slightly higher percentage of granuloblasts (myelo- 
blasts) and progranulocytes (promyelocytes) and a shghtly lower percentage 
of nefutrophil lobocytes (polymorphonuclear neutrophil leukocytes) in children 

CoMMEOT It was hoped, when this renew was undertaken, that from a 
compilation of the data available specific recommendations could be made as to 
normal standards for aspirated marrow It is apparent from the data presented 
that this must await further studies and a more general agreement on the technic 
of morrow aspuabon and the hrmdhng of the matcnal after aspiration, and 
especially on the acceptance of more uniform entena of cell identificabon and 
nomenclature. 

Until such bme as further data are avaUable it is suggested that m\ csbgntore 
uso the figures m table 6 as tentabve normal standards The figures for the 
larger amounts aspirated wore calculated from the data of Napier and Gupta 
(63) and Pitts and Packham (64) for total nucleated cell counts, and from the 
data of Young and Osgood (13) and Pitts and Packlmra (64) for differential cell 
counts These figures should be used if 0 6 to 10 cc of marrow is aspirated 
and disintegrated cells are mcluded In the differential cell count, ns is rccom 
mended The figures for the smaller amounts aspirated were calculated from 
the data of Segerdahl (30), and should bo used if the investigator uses her techmc 
and enterm of cell identificabon, and prefers to omit disintegrated cclis and to 
aspimte 02 cc, or less of morrow, notwntlistanding the disadi antages which 
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have been pointed out The weighted means ha\e been smoothed and the 05 
per cent ranges so calculated as to mclude approxnnatelj plus or mmus two 
standard deviations The data on differential cell counts of Napier and Gupta 
(63) wore not used m the calculation of the differential cell counts because of the 
omission of disintegrated cells and of their high eosinophil values which are 
probably more frequently encountered m residents of India than m residents 
of Europe and the western hemisphere 


TABLE 6 

Tenlaitfi Teccmmend$d ilandartU 



oj TO iojD oc. Axnuno | 

1 OXS TCtJ CC AirniATISt 



Wetilitcd 1 

«% Ruiee 1 

WdfhUd 

Mom 

83% lU»xt 


Total nucleated 






cell count 

3S 000 

10 000-100 000 

75 000 

10 000-160 000 


Qranulobluts 

0 40 

0 0-10 

1 25 

0 6-24 

Myeloblasts 

Progranuloeytea A 

1 1 

0 6-80 

1 50 

0 6-80 

Promyelocytes 

Progranulocytea 3 

1 0 

0 6-30 




Granulocytes 

3 2 

0 6-90 

16 0 

8 0-22 0 

N myelocytes 

Metagranulooytcs 

6 6 

3 6-10 0 

16 5 

8 0-23 0 

N motamyelooytei 

Rbabdooytes 

24 0 

17 6-33 0 

9 0 

6 0-12 0 

K staff cells 

Lobooytes 

16 0 

5 0-25 0 

22 0 

15 0-28 0 

Polymorpbonuolcare 

Eorioopbllfl 

2 0 

0 0-40 

3 0 

10-50 

Eoslnopbils 

BasopblU 

0 2 

0 6-05 

0 2 

0 0-04 

Buopblls 

Lymphocytes 

14 0 

, 8 6-25 0 

18 6 

, 7 0-30 0 

1 Lymphocytes 

Monocytes 

2 0 

0 6-46 

2 0 

0 6-40 

Monocytes 

Koryoblasts 

0 2 

0 6-10 




Prokoryocytea 

2 0 

1 0 0-40 

12 0 

3 6-21 0 

Erytbroblasts 

Koryocytes 

6 0 

4 6-80 




Motakoryocytes 

3 0 

16-60 




Dlsmtegrat^ celli 

10 0 

10 0-30 0 

i 




* The tmoothed weights moan and the 05 per cent range of the total nucleated cell 
count were ealealated from the data of Naplor and Gupta (63) and Pitta and Paokham (64), 
and those of differential coll counts were calculated from the data of Young and Osgood 
(13) and Pitta and Packham (64) 

t The smoothed weighed means and 05 per cent ranges of the total nucleated ccU count 
and (ho differential cell counts were calculated from tho data of Begcrdahl (30) 

Unqucstionablj tho most important suggestions that are justified on the basis 
of this review are that further studies of the cj tologic composition of marrow 
obtained by stomal nspuatlon arc urgently needed, ns wU as further studies 
on necropsy material obtamed within a few mmutes after death It is suggested 
that when such studies arc made the following conditions should bo fulfilled 
and the data mcluded in the article adequate eMdcnce of the health of the 
subject or, If nccrop3\ raatcnal is used, of tho health of tho subject pnor to 
death, the age, ecx, and race of the subjects, the geographic location and the 
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altitude at the locale of the study, the number of subjects studied, the site and 
techmc of the puncture, the amount of matenal aspirated and its preparation for 
study, the total nucleated cell count on a thoroughly mixed specimen i\ith 
the number of cells actually counted, the methods used m makmg and st ainin g 
smears, differential cell counts which must be done on the thm areas of the 
smears where the erythrocidies do not touch each other to avoid errors m identi- 
fication, the total number of cells counted m the differential cell count, and, of 
especial importance, the catena of cell identification, preferably with a reference 
to some readily available atlas m which all types of cells are illustrated, at least 
until some international standard of ceU identification and nomenclature is 
agreed upon It is far easier to evaluate results if the actual figures on each 
subject as well as the averages and statistical constants are given 
The true normal anatomy of human marrow will not be knowm until compara- 
tive studies by all the methods available, as outhned m the body of this article, 
are made on fresh necropsy matenal from the bodies of previously healthy per- 
sons i\ho have died from sudden traumatic causes 
Notwithstanding the hmitations which have been pomted out and the lack, 
as yet, of accurate normal standards, the widespread use of sternal puncture 
IS a testunomal to its value in the differential diagnosis of aleukemic and subleu- 
kemic leukemias, aplastic anemia, other puzzlmg anemias, malana, leishmaniasis, 
multiple myeloma, and the hpoid histiocytoses, and to the value of bactenologic 
cultures of marrovi m subacute bactenal endocarditis and other bactenemias 
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CHEMICAL METHODS FOE THE DETERMINATION OF DEATH 

BY DROWNING 

ALAN R MORITZ 

Department of Legal Medicine, Harvard Medical School, Boston 

If drowning be defined as suffocation caused by the inhalation of fluid, the 
potential diagnostic significance of two categones of postmortem chemical 
findmgs should be considered One mcludes the changes that imght be expected 
to result from obstructive asphy^a The other mcludes the changes that might 
be expected to result from an exchange of water or electrol 3 des between the 
inhaled fluid and the blood of the pulmonary capiUanes 
It IS obvious that the evidence denved from chemical mvestigation of post- 
mortem matenal will be of limited value m deter minin g whether or not death 
has resulted from obstructive asphyxia Most of the chemical alterations that 
would constitute evidence of asphyxia if recognized dunng life are likely to be 
simulated by agonal or masked by postmortem change 

Chemical evidence that asphyxia is the pmnaiy cause of death m droivnmg 
was first demonstrated experimentally by Brouardel whose findmgs were sub- 
sequently confirmed and extended by Lougheed, Janes and Hall It was ob- 
served by the latter that the oxygen saturation of arterial blood drops to ap- 
proximately 15 volumes per cent durmg the first few mmutes after submersion but 
IB reduced to between 2 and 3 volumes per cent by the end of 6 minutes and is 
almost completely exhausted withm 7 or 8 mmutes They observed that the 
carbon dioxide content of whole blood rises rapidly dunng the first few mmutes 
of submersion but by the end of 4 mmutes drops below the pre-expenmental 
level Subsequently it imdergoes a slowly progressive declme A similar ante- 
mortem drop was observed m the total carbon dioxide of the blood of animals 
killed by tracheal compression 

- If depletion of oxygen and retention of carbon dioxide are the pnmaiy effects 
of obstructive asphyxia a redistnbution of electrolytes between cells and plasma 
and a lowermg of the pH of the blood may be charactenzed as secondary at- 
tnbutes Although these secondary changes might be of diagnostic value if 
recogmzed durmg life their presence m postmortem blood can have no meanmg 
beyond the fact that circulation has ceased, and that death has occurred Other 
and, from a diagnostic standpomt, equally unimportant asphyxial changes m the 
composition of the blood result from hemoconcentration (Colhp, Peters and Van 
Slyke, Inouye and Uchimura) 

Despite the fact that the absence of oxygen m a postmortem sample of blood 
has no diagnostic sigmficance its presence may provide conclusive evidence 
that death did not result from asphyxia Goggio found that the oxygen content 
of arterial blood is regularly reduced to a trace after asphyxial death whereas 
m sTninals dead of sudden cardiac arrest (electncal shock) many hours elapse 
before the residual oxygen of arterial blood is reduced to a level consistent 
with death from asphyxia 
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That asphyiaa commonly resulta m a marked rise m the glucose concentration 
of the blood has been known since the early mvestigations of Claude Bernard 
Although vanous stimuli may cause a sudden outpounng of adrenahn resultmg 
m hepatic glycogenolysis and hyperglycemia, Hill has recently stressed the 
fact that a high glucose concentration m an appropriate sample of blood may 
provide evidence of confirmatory value m the recogmtion of acute asphynal 
death It should be remembered, however, that the findmg of a high glucose 
concentration m a postmortem sample of blood from the right side of the heart 
does not necessarily indicate an antemortem state of hyperglycemia, nor does the 
absence of glucose from a postmortem sample of blood indicate hypoglycemia 
during life A sharp, evanescent elevation of the glucose m the mfenor vena 
cava and right side of the heart as a result of hepatic glycogenolysis is a normal 
postmortem phenomenon If a postmortem sample of blood is to be taken for 
glucose determination it should be from the left heart and it should be taken 
as soon after death as possible to avoid the artefact of postmortem ^ycolysis 

Chemical changet due lo the exchange of icaier and etectnlytes between inhaled 
fluid and the blood in the pulmonary captUanea More than a century ago Mayer 
demonstrated that the lungs are capable of absorbing water and certain water 
solutes That the absorbed material may alter the composition of the blood 
was mdicated by the observation that withm two minutes after the fluid had 
reached the pulmonary aheoli certam cheimcals present m it could be demon- 
strated m the chamber of the left ventricle 

Peiper reported that a dog could inhale as much as 250 cc of mert flmd in the 
course of an hour without suffermg from dj-spnea SehrwaW described an 
experiment m which 775 grams of fluid were mtroduced mto the lungs of a 10 
lb dog mer a penod of 2 hours without causing undue distress Chnical e\a 
dence mdicated that the fluid was absorbed by the end of 6 days Cohn m 
troduced 26 liters of water mto the trachea of a horse over a period of 0 hours 
without sigmficant interference with pulmonary ventilation The horse was 
protected agamst hydremia, however, by the withdrawal of 6 kllograma of blood 
during the course of the experiment Karpovich in an experimental study with 
rata tied the esophagus of his animals before submergmg them and observed 
that the amount of fluid retained m their bodies after drownmg often exceeded 
the weight of the lungs by more than 100 per cent 

Ihe quesbon of whether or not submersion of a body after death may result 
m changes in the composition of the blood similar to those caused by drownmg 
has been studied bj vanous mvestigators Small amounts of water may enter 
the trachea and bronchi of the bodies of men (MtUler) and of animals (Wachholz) 
that have been submerged after death from causes other than drownmg It 
was found, however, that water does not enter the small air passages or pul 
monary alieoh m such circumstances That diffusion between the water 
that has entered the air passages after death and the blood m the pulmonary 
capillanes is not sufficient to produce sigmficant changes in heart’s blood was 
shown by letter and Monts 

Vanous mvestigators hai e added chemical tracers to the flmd in which am 
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mals were drowned m order to demonstrate absorption from the lungs Doehne 
m 1857, FaUc m 1869, and Sehrwald m 1886 drowned anunals m flmd contammg 
potassium ferrocyamde and subsequently demonstrated the presence of that 
chemical m the blood stream More recently Lochte and Danziger added 
potassium iodide and Lochte added calcium oxide to the flmd m ivhich animals 
were droi\’ned Winteinitz demonstrated the absorptive capacity of the respira- 
tory membrane by addmg phenolsulphonphthalem to ivater and obser\'^ed that 
dye is absorbed as rapidly from the alveoh as it is when mjected mtramuscularly 
Brouardel conducted the flrst experimental mvestigation of the mechanism 
of death m drownmg by what might be charactenzed as modem physiological 
methods Stimulated m part by his own observations on the absorption of 
inhaled ivater and m part by his appreciation of the unrehabihty of postmortem 
pathological changes m malong a diagnosis of death by drownmg, he undertook 
to mvestigate the diagnostic significance of disproportionate mtracardiac hemo- 
ddution From observations made m collaboration first with Vibert and later 
with Loye he concluded that a comparison of the hemoglobm and erythrocyte 
content of nght and left heart’s blood constituted a practical method of recog- 
nizmg death by drownmg By both procedures it was observed that dispro- 
portionate dilution of left heart’s blood occurred after drownmg m fresh water 
Brouardel’s observations vere subsequently confirmed by Paltauf 

When consideration is given to the nature of the termmal circulatory failure 
m death by drownmg it is not surpnsmg that at autopsy the blood m the left 
side of the heart may differ from that m the nght After consciousness has been 
lost and the glottic spasm relaxed, enough water is usually inhaled to change 
the composition of the blood passmg through the pulmonary capiUanes It 
can be assumed that the nature and degree of change will depend on the dif- 
ferences that exist between the osmotic pressure of the mtra-alveolar flmd and 
that of capillary blood and on the length of time that circulation is mamtamed 
dunng and after the inhalation of water If heart failure m droivnmg were 
sudden so as to cause an abmpt and complete cessation of circulation the findmg 
of significant postmortem differences m the composition of the blood m the 
two sides of the heart vould be imhkely It has been observed honever that 
m experimental animals there is electrocardiographic e\ndence of feeble contrac- 
tions for as long as 30 to 40 mmutes after all respiratorj"^ efforts have ceased and 
after the pulse has become imperceptible (Lougheed, Janes and Hall) Dunng 
this penod of agonal circulatory failure it is to be expected that blood which 
has been altered m passmg through the pulmonary capillanes vnll be gradually 
pooled m the dilated vessels of the systemic circulation so that each feeble 
ventncular discharge will mcrease the change in the left heart’s blood without 
contnbutmg correspondingly to the change m the nght side Thus, when drown- 
mg has occurred m fresh water it v ould be reasonable to expect to find dispropor- 
tionate dilution of left heart’s blood By the same reasomng it might be expected 
that when drownmg occurs m an aqueous medium contammg a sufficient con- 
centration of electrolytes to raise its osmotic pressure above that of blood, a 
disproportionate mcrease m these electrolytes will be found m a postmortem 
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sample of left a entncular blood Sea water which usually has a mineral con- 
centration more than three times greater than that of the blood represents such 
a medium 

Presumptive evidence of disproportionate dilution might be obtamed from 
a comparison of the hemoglobm, the iron, or the number of red cells m samples 
taien from the n^t and left sides of the heart It is obvious, however, that the 
significance of such observations will depend on how truly the postmortem samples 
represent the plasma-cell ratio of the blood at the moment of death Post- 
mortem settlmg of erythrocytes or movement of plasma can and does account 
for uncontrollable factors of error 

Two other types of criteria for judgmg the occurrence of agonal diffusion may 
bo considered One is by the recogmtion of changes m the molecular coucentra 
tion of blood samples by such physical characteristics as specific gravity, freenng 
point, or electrical conductivity The other is the identification by chemical 
means of alterations m the electrolyte concentration of the blood Thus, after 
drownmg m fresh water a reduction rmght be eirpected m the specifio gravity, the 
A of the freeang pomt and the electrical conductivity of the left heart’s blood, 
whereas after drownmg in sea water the reverse should be true After drownmg 
m fresh water electrolytes m the left ventncle might he expected to be dispropor- 
tionately dimmiahed whereas an mcrease would he expected after drownmg m sea 
water 

Carrara was among the first to apply physical methods to mvestigate the effects 
of drownmg on the molecular concentration of heart’s blood As a result of 
determmations of specific gravity, freexmg pomt and electrical conductivity he 
concluded that left ventncular blood is disproportionately diluted after drownmg 
m fresh water and disproportionately concentrated after drownmg m sea water 
He also obeen ed that postmortem alterations m blood independently of drown- 
ing may account for equally great changes and concluded, perhaps prematurely, 
that it IS impossible m non-expenmraital conditions to mahe a categorical state- 
ment regardmg the diagnostic significance of changes found m postmortem 
samples 

Dunng the socceedmg 26 jears the diagnostic significance of hemo-dilution and 
-concentration as disclosed by a variety of physical teats was the subject of 
conflicting opmions Placsek recommended the diagnostic value of dotennmmg 
the specifio gravity of right and left heart’s blood Revaistorf proposed cryo- 
Bcopic examination and although he recognised the fact that postmortem 
changes, mdependent of drownmg, often result m pronounced and unpredictable 
alteration m the density of the blood, concluded that the procedure was fre- 
quently of diagnostic value m borderlme cases Ho called attention to the fact 
that postmortem depression of the freenng point normally occurs more rapidly 
in blood than it does in spinal fluid, whereas, after death by drownmg m fresh 
water, the freexmg pomt of left ventncular blood was likelj to be higher than that 
of the spinel fluid Balthaiard concluded that cry oscopie exammation was su- 
penor to dotermmmg either the hemoglobm or erythrocyte content of the blood, 
whereas Wachholi and Horosiiewici doubted the diagnostic reliabihty of either 
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procedure Canuto on a basis of uncontrolled ddta concluded that recognition of 
disproportionate changes m the refractive index of nght and left heart’s blood pro- 
vides a basis for establishing a postmortem diagnosis of death by drowning m man 
Yamakami,and later Inouyeand Uchimura, confirmed the already established fact 
that changes m the freezmg pomt and refractive mde\ occur m the blood of expen- 
mentally drowned animals Schwarzacher, m a remvestigation of the sigmficance 
of alterations m electncal conductivity of the blood of persons dead of drowmng 
and of persons dead of causes other than drownmg, concluded that the postmor- 
tem artefact rendered such tests of httle or no practical value 

Although Stockis v as first to report differences m the chlonde content of nght 
and left heart’s blood after death by drownmg he was not particularly impressed 
with their diagnostic significance and not imtil 1921 when Gettler reported a 
relatively large senes of determmations on human subjects was their potential 
diagnostic sigmficance appreciated On a basis of chlonde determmations of 
nght and left heart’s blood of 22 mdmduals dead of causes other than drovning, 
19 deaths by drowmng m salt water and 3 deaths by drowmng m fresh water, 
Gettler concluded that a difference of 26 mgm NaCl establishes death by drown- 
mg He called attention to the fact that a significant difference might fail to de- 
velop if death resulted from the shock of immersion rather than drownmg or if 
there were a patent foramen ovale Accordmg to Gettler a high chlonde value m 
the left ventncle mdicates death by dromimg m salt water and low chlonde i alue 
signifies drowTung m f’^sh water It w^as observed that the longer the interval 
between inhalation of water and death the greater the differences were hkely 
to be 

Smce the pubhcation of Gettler’s observations the sigmficance of the chloride 
content of the blood m relation to death by drownmg has been the subject of 
numerous mvestigations and considerable diversity of opmion In order to 
evaluate the published data m their entirety all chlonde values have been con- 
verted to milh-equivalents per liter and arranged m tabular form Some authors 
descnbed analjdical procedures and others did not From the available descnp- 
tions it IS apparent that all methods were not of equal sensitivity and certam 
differences m the data are probably attnbutable to this fact 

Blood chlorides (rabbits) after death from causes other than drowning It is obvi- 
ous that knowledge of the nature and extent to which the blood chlondes may be 
altered mcident to death from causes other than inhalation of w ater is pre-requi- 
site to the evaluation of changes regarded as pathognomonic of drownmg 'The 
chlonde concentrations of whole blood or serum of 15 rabbits ^ken before and 
immediately after death by strangulation are showm in table 1 Antemortem 
samples were from the ear vein and postmortem samples from the nght side of 
the heart In everj"^ instance the postmortem w'as higher than the antemortem 
value, the mcreases rangmg from 3 to 9 mEq/L in w'hole blood and from 2 to 8 m 
serum So far as can be judged from the hmited number of obsenations the 
mcreases m serum and whole blood are of approximately the same order of magni- 
tude In the 4 animals reported by Inouye and Uchimura it w as observed that 
the refractive mdex of the serum w as increased and that its freezmg pomt w as 
reduced 
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In another series of control experiments (see table 2) the chloride concentration 
of postmortem samples of right and left heart’s blood taken immediatel} after 
death by strangulation was determmed It appears that the mcreased concen 
tration observed after death from mechanical asphyxia (strangulation) does not 
affect the blood m one side of the heart more than it does m the other The re 
corded differences are not regarded to bo sigmffcant 

TABLE 1 


Chlond$ coiUent of rabbit* blood* before and tmmodiaiely after death by tracheal compreulon 
{milli-equitalenU fxr liter) 
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* Values deslpuited by • represent serum AU other viUuea are for whole blood 


TABLE 2 

Oilonde content of right and left heart * blood* of rahlnt* immediately after death by tracheal 
compmtion imflh-oqintaUni* per liter) 
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• Values designated • represent serum AU other values are for whole blood 


Blood chlondee (rabbtis) after death by drowmng %n freeh toaier The chloride 
concentrations of right and left heart's blood of 20 rabbits taken immediately 
after death bj drowning In fresh ^vater ore shown m table 3 It Is apparent that 
in e^'eTy animal there has been a significant and disproportionate reduction m the 
chloride content of the blood m the left side of the heart which persisted after 
death The mean t^alue of the differences betTi-cen the 2 sides of the heart was 
17 mEq/L with a minimum of 0 and a maximum of 27 Although the data shown 
in table 3 do not indicate whether or not the nght heart’s blood was also diluted, 
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the pre-expenmental blood cblonde values for the 2 animals reported by Inouye 
and XJchimura did not mdicate that such was the case The pre-expemnental 
serum chlonde values for venous blood from these 2 animals were respectively 
101 and 107 mEq/L 

Blood chlorides (rablnis) after drowning in salt water The chlonde concentra- 
tions of right and left heart’s blood of 15 rabbits observed immediately after death 

TABLE 3 


Chlonde content of right and left heart’s blood* of rabbits immediately after death by drowning 
tn fresh water (millt-eqmvalents per liter) 
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* Values designated * represent serum All other values are for whole blood 


TABLE 4 


Chlonde content of nght and left heart’s blood* of rabbits immediately ffter drowning in salt 

water {miUi-equivalents per liter) 
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* Values designated * represent serum All other values are for whole blood 


from drownmg m salt water are shown m table 4 In every mstance the concen- 
tration was greater m the left than m the nght side of the heart The mean value 
of the differences for whole blood (11 pairs of samples) was 25 mEq/L and for 
serum (4 pairs of samples) was 16 

It IS apparent not only that the chlonde concentrations m the left heart were 
higher than those m the nght side of the heart but also that the chlonde concen- 
trations on both sides are higher than would be expected m animals dead of causes 
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other than drowning The difference between chambers ranged from 7 and 42 
mEq/L In addition to the data shoim m table 4 antemortem chlonde \ alues 
were available for the 4 rabbits reported by Inouye and Uchlraura In each of 
these the chlonde content of the postmortem samples of venous blood (right 
heart) was significantly higher thim that of the correspondmg antemortem sam 
pies The differences between the antemortem and postmortem samples m the 
4 animals were respectively 13, 7, 17 and 26 mEq/L 

TABLE 6 


Chloridt content of blood terum taken from dogt before and oi varying intervale after death 
by tracheal compreseion (fetter and Monte) (miUi-eginvatente per liter) 
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From determinations of chlondes, freermg pomt, and refractii e mdex of rabbit 
sernm before and after death Inouj c and tJehimura concluded that irhereas the 
reduction of chlondes mcident to drownmg m fresh water is consistent with 
simple dilution by diffusion, the chlonde concentration after salt water drownmg 
could not be accounted for bj diffusion alone 
Blood chlondes (dogs) after death from causes other than drowning The chloride 
content of blood serum taken from dogs before and at different intervals after 
death by tracheal compression is shoan m table 6 In all animals there was a 
progtesslve dechne m the chloride concentration of both nght and left heart’s 
blood as the internal between death and samplmg lengthened Sigmficant 
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diminution first became apparent between 6 and 12 hours after death The per- 
centile loss at the end of 24 hours from the nght heart of the 5 dogs shown m 
table 5 was respectn ely 32, 33, 26, 46 and 25 The corresponding percentile 
chlonde decreases m the left heart were 32, 26, 17, 42 and 16 Thus it appears 
that m dogs postmortem reduction of serum chlorides tends to take place more 
rapidly in the nght than m the left side of the heart In the case of the former the 
antemortem values were reduced by between a quarter and a half during the first 
24 hours after death As a result of \ anations m the rate of chlonde loss from 
the nght and left sides of the heart of the same animal differences as great as 12 
mEq/L may be encountered durmg the first 12 hours after death 
That the postmortem reduction m chlondes occurred more rapidly from serum 
than from whole blood was apparent from unpubhshed expenmental data of 
Jetter and !Montz It w'as furthermore obsen'ed that although the eniuron- 
mental temperature had httle or no effect on the rate of serum chlonde loss durmg 
the first day after death the rapidity of chlonde loss durmg the second and suc- 
ceeding days was enhanced by putrefaction 
Several factors undoubtedly contnbute to the change that occurs m the chlo- 
nde content of blood after death When freshly drawn whole blood is stored m 
a test tube it wall be found that there is a progressive shift of chlondes from 
plasma to cells Imbibition by erythrocytes may account for a drop m plasma 
chlondes by as much as 10 per cent m 48 hours (Jetter and Montz) It is appar- 
ent, however, that a reduction m the total chlondes of whole blood can only be 
accounted for by their diffusion out of the \essels and into the surrounding tis- 
sues In life the antemortem chlonde content of the tissues is much lower than 
that of the plasma Thus the chlonde content of heart muscle is approximately 
50 per cent and that of skeletal muscle approximately 20 per cent of that of the 
plasma On the other hand the magnesium content of cellular flmd is many times 
greater than that of plasma (Shohl) Durmg life the mamtenance of the chemi- 
cal mdmduality of blood and tissues depends m part upon the abihty of the ceU 
membranes to regulate the diffusion of substances through them and m part upon 
the continuance of metabohc actmty wuthm cells whereby the mtegnty of their 
vanous organic constituents is preserved After death not only do cell mem- 
branes become more permeable but the organic constituents of cytoplasm 
detenorate so as to predispose to a free exchange of diffusible substances between 
the mtra- and extracellular fluids m the direction of chemical homogeneity 
Thus regardless of the cause of death the postmortem migration of chlondes out 
of the plasma and mto cells and of magnesium out of the cells and mto the plasma 
is to be expected Data concemmg the alterations that occur m the magnesium 
content of the blood madent to postmortem change as well as to drownmg are 
presented m a later section of this review 
Blood chlondes (dogs) after drowning in fresh water The blood chlonde levels 
of 7 dogs drowned m fresh water are shown m table 6 Only in the first 2 were 
samples obtamed from both the nght and left sides of the heart In the first dog 
the disproportionate reduction of chlondes m the left \ entncle durmg the first 
24 hours after death was greater than had been observed m any animal m the 
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control senes It is to be noted, howe\er, that the greatest difference between 
the ohlonde levels in the two sides of the heart of this animal edsted immediately 
after death and that the differences became progressively smaller as the post- 
mortem mterval lengthened Although the chlonde reduction was greater m 
the left, the nght heart values were also depressed Withm 16 mmutes after 
death the chlondes m the nght heart were 62 mEq/L lower than m the antemor- 
tem sample In no control anunal was a reduction of this magnitude obsen ed 
earher than 24 hours after death 

In the second dog there was bilateral reduction m the chlonde lei els but the 
differences between the nght and left sides of the heart did not exceed those 
encountered m control anunals The third dog also re\ ealed endence of bilat 

TABLE « 


Chlonde conitTii of blood* of dogt laien before andaircrving tniervaU after death drowning 
tnfreeh water (miUi-^eqwcalenit per liter) 
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tor 

RAKT 

ronMovTCK 
otrr snvm 
«■ AMD ur 
tB «H 

om mnuji 
iU(s Ajc 
•Avnxs or 
mron siooo 
rji AJi 

nrotrcD bt 

123 

I hr 

76 

33 

-38 

-62 

Jetter sad Mont* 


12 hn 

72 

41 

-31 

-66 



24 hrs 

04 

42 

-22 

-64 



3 days 

40 

40 

-9 

-79 


112 

i hr 

06 

09 

3 

-16 

Jetter sad Merits 


6 lirs 

83 

86 

3 

-29 



24 hrs 

70 

63 

-8 

-36 


lOS 

0 hr 

71 



-37 

Guislain 

102 

24 hrs 

&5 



-47 

Guulala 

104 

3 days 

44 



-60 

Oulsltdn 

108 

7 days 

42 



-66 

Guislain 

106 

12 days 

30 



-67 

GmslaiQ 


* Values designated • represent whole blood All other values are fot serum 


eral dilution of heart’s blood but the low chlonde ^'alue8 of the remaining animals 
could as well bo attnbuted to postmortem change as to drowning 
Althou^ the available experimental data concerning blood chlonde concen 
tration in dogs after droitulng m fresh n’ater are not sufficiently numerous to draw 
conclusions regarding the extent to, or the frequentn with, wluch drownmg m 
fresh vater may result in pathognomonic change, it is clear that a sufficient 
degree of reduction maj occur m the left side of the heart to be of diagnostic 
significance It is also clear that unless the blood is obtained soon after death 
(withm 24 hrs ) differences that might otherwise be of diagnostic value arc 
likely to be masked by postmortem diffusion 
Blood chlondes {dogs) afler drowning tn sail water The chlonde concentrations 
of the blood of 13 dogs before and after death b> drowning in salt water are ehomi 
m table 7 In all instances m vhich the samples were collected withm the first 
24 hours after death the serum chlondes were not onl> disproportionatelj high in 
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the left side but the differences between n^t and left sides were greater than had 
been observed in any animals of the control senes In the first 3 dogs the eleva- 
tion was bilateral whereas m the last 10 chlondes were mcreased only in the left 
Bide 

In animals that were sampled repeatedly durmg the postmortem mterval 
(1, 2, 3) it was observed that the disparity between the chlonde concentrations 

TABLE 7 


Chlonde content of blood of dogs taken before and at varying intervals after death by drowning 
tn salt water {■nttlli-equivalenis per liter) 



posnioxTxu 

UnXKVAL 

X70BT 

BEA&T 

tzn 

XtEAKT 

FOSTUOKTEU 

Diry 

Brrwixw 
KB AKD LB, 
LB-IH 

DOT 

BtTWBEH 
fM AMD AJC 
sAimxs 
or VENOUS 
BLOOD, 

UrOBTCD BV 

serum 

Arj 

serum 

serum 




123 

X 

4 

136 

151 

16 

15 

Setter and Montz 


6 

114 

161 

47 

-9 



12 

112 

169 

67 

-11 



48 

95 

96 

1 

-28 


123 

12 

139 

162 

13 

16 

Jotter and Montz 


24 

mlm 

135 

26 

-13 



48 


119 

12 

-16 



72 

■■ 

114 

6 

-15 


124 

12 

132 

164 

22 

6 

Jotter and Montz 


24 

95 

123 

28 

-29 



48 


104 

11 

-31 



72 

91 

96 

5 

-33 


mkoU hJopd 


rvhclt blcpd 

whale hlaad 




104 

0 


141 

40 

-3 

Tarsi tano 

103 

0 


143 

44 

-4 

Tarsitano 

106 

0 

109 

131 

22 

3 

Tarsitano 

101 

0 

99 

137 

38 

-2 

Tarsitano 

107 

0 

103 

142 

39 

-4 

Tarsitano 

103 

0 

102 

144 

42 

-1 

Tarsitano 

106 

0 

103 

143 

40 

-1 

Tarsitano 

108 

0 

00 

o 


22 

0 

Tarsitano 

102 

0 

102 

141 

39 

0 

Tarsitano 

98 

0 

98 

137 

39 

0 

Tarsitano 


m the nght and left sides of the heart mcreased durmg the first 24 hours and de- 
creased thereafter Despite the fact that the disproportion m the chlonde 
concentration m the two sides of the heart became less pronounced after 24 hours, 
its mean concentration remamed higher than that of the control animals 
Blood chlondes {man) after death from, causes other than drovming Chlonde 
values for nght and left heart’s blood of 46 persons dead of causes other than 
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drowning aro given in table 8 In 21 the interval between death and sampling 
was stated The other 26 were reported without speciijing the tune between 
death and autopsy Although a variety of causes, both natural and violent, 
were represented, there was no consistent relationship between the cause of death 
and the rate of postmortem change in the ehlonde concentration 

If 99 inEq/L be regarded as the antemortem lower limit of normal for chlondes 
in serum, and 77 for whole blood (Gram, Peters and Van Slyke), it is apparent 
that a reduction in blood chlondes is a common if not a constant postmortem 
phenomenon In 90 per cent of the oases m which postmortem samples of serum 
were analyied the ehlonde level in one or both sides of the heart was below the 
lower antemortem limi t of normal whereas in less than 25 per cent of the cases m 
which whole blood was analysed did the concentration fall below the antemortem 
range 

That neither the mtravascular shift nor the extravascular diffusioa necessarily 
progress at the same rate mi the two sidea of the heart is mdicated by the fre- 
quency with which dissimilar right and left heart values were encountered Thus 
it may be seen m table 8 that the left heart serum values ranged from 7 milli 
eqiuvalents lower to 14 milh-equivalents higher than their correspondmg nght 
heart values The ehlonde values for whole blood from the left heart ranged from 
13 milli-equivalenta lower to 8 miUi-equivalents higher than their correspondmg 
right heart values A dispanty as great as 8 mEq/L may develop within the first 
6 hours after death from causes other than drownmg If diagnostic significance 
b to be attached to a difference in the ehlonde content of right and left heart’s 
blood m cases of suspected drownmg the difference should exceed those observed 
after comparabb postmortem mtervab m persons dead of causes other than 
drowning 

Blood ddonda (man) after drowning tn /resh water The results of ehlonde 
determinations on blood samples obtamed at postmortem examination from the 
bodies of 34 persons presumably dead of -drowiimg m fresh water are shown in 
tabb 9 In 14 mfonnation was aimbble concemmg the length of the mterval 
between death and samplmg In 20 the analytical rraults were reported without 
specific roferenco to the length of the postmortem mtervah 

In 26 of the 34 cases blood was taken from both sides of the heart In only 
one of these was the mterval between drownmg and sampling stated to be leas 
than 12 hours In this case autopsj was performed approximatoly 8 hours after 
death and the analysis disclosed a greater rebtive reduction m left heart chlondes 
than had been observed m any of the control cases In the other 13 cases of 
right and left heart samphng m which the length of the postmortem interval was 
stated, the differences did not exceed those encountered m the control senes It 
may or may not bo significant that m all 13 the left heart ehlonde leveb were 
lower than those in the right 

It IS difficult to assess the significance of blood ehlonde values m the absence of 
mfonnation concemmg the btenal between death and samphng Soutter 
stated that m none of his cases was the mterval between death and autopsy 
greater than 0 days In one of Bouttor’s cases of fresh water drowning, blood 
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TABLE 8 


Postmortem changes in the chloride concentrations of human blood 
Deaths from causes other than drowning (milli-equivalents per liter) 


EESirS I— JOSTUOITEU JUTEIVAI. STATED 


SEMES n— POSTUOETEU INTEEVAI. HOT SPECmEO 


Post- 

mortem 

interval 

Whole Blood 

Seram 
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RH 

LH 

L-R 

RH 

LH 

L-R 

m 

LH 

L-R 
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■i 





« 

89 

8S 



108 

8 

Monte and McLean 


83 

83 

0 

Qettler 

12 




IH! 

94 

-6 

Moriti and McLean 


86 

85 

-1 

Gottler 

12 

90 

89 

-1 

92 

■Till 

9 

Soutter 


84 

84 

0 

Gottlor 

16 




78 

77 

-1 

Monts and McLean 


84 

84 

0 

Gottler 

18 

88 

96 

8 

96 

110 

14 

Mont* and McLean 


77 

76 

-1 

Gettler 

18 

78 

65 

-13 

EE 

m 

■1 

Monte and McLean 


81 

80 

-1 

Gettlcr 

18 

81 

85 

4 

96 

89 


Merits and McLean 


05 

95 

0 

Gettler 

18 




80 

ES 

■n 

Soutter 


87 

87 

0 

Gettler 

18 

90 

68 

-2 

96 

90 

-5 

Soutter 


84 

84 

0 

Gottler 

20 

59 

59 

m 


69 


Merit* and McLean 


82 

81 

-1 

Gettler 

22 




Iwi 

104 

-3 

Monts and McLean 

■■ 

120 

110 

-1 

Gottler 

24 

87 

84 

-3 

92 

95 

3 

Mont* and McLean 

7 

85 

84 

-1 

Gettler 

24 

so 

86 


91 

ES 

-1 

Monts and McLean 

7 

82 

82 

0 

Gettler 

24 




69 

77 

8 

Soutter 

7 

85 

84 

-1 

Gettler 

24 

69 

59 

0 

62 

62 

10 

Moritx and McLean 

7 

90 

89 

-1 

Gottler 

25 

72 

70 

-2 




Soutter 


77 

78 

1 

Gettler 

25 

77 

82 

5 




Soutter 


58 

58 

0 

Gettler 

M 

84 

84 

0 

84 

86 

m 

Scatter 


88 

88 

0 

Gettler 

SO 

86 

84 

-2 

90 

86 

m 

Soutter 
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120 

-J 

Gettler 

36 

72 

76 

4 




Soutter 

7 
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100 

-1 

Gettler 

36 




56 

61 

-6 

Mont* and MoLean 

7 

92 

92 

0 

Gettler 
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88 
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63 

62 

-1 

Palmer and Doherty 










88 

75 

-13 

Palmer and Doherty 
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63 

-5 

Palmer and Doherty 


TABLE 9 


Chloride concentrations of blood of human subjects probably dead of drowning 
tn fresh water {millt-equtvalenls per liter) 
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so 
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92 
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80 
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55 

66 

1 
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65 

82 
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1 
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05 

89 

-6 
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2 

74 

68 

-6 

88 

82 
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78 

80 

2 
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2 

114 
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-1 
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72 

80 

8 

Soutter 

2-3 

52 
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86 

82 

B1 
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3 

65 

68 

-7 




Montz and MoLean 
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88 

S3 

■1 
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85 

88 

3 
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76 

78 
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Soutter 

6 
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67 

64 
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79 
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85 
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74 

63 

-11 




Qettler 

30 
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58 
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7 
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from the left heart contained 22 milli-cquivalents more ohlondea per hter than 
did the blood from the nght mde Not only did this difference exceed any of 
those encountered m the control group bnt it was the reverse of what one would 
bo led to expect from the results of animal experimentation In general Soutter’s 
findmgs m deaths presumably due to fresh water drownmg are at variance with 
those of other obsen’ers 

Until chloride determinations made withm 12 hours after death are available 
from a larger senes of human cases of fresh water drowning final judgment regard 
mg their value must be held in abeyance Although there is adequate evidence 
from experimental animals (rabbits) of the diagnostic value of blood chlonde 
determmations immediately after death from drownmg m fresh water, it is clear 
from data deriv ed from dogs and man that values obtained 12 or more hours after 
death are frequently of httle or no diagnostic value 

In a human body recoi ered from fresh water a disproportionate depression of 
the chlondes in the left side of the heart of 17 milh-eqmvalents or more per liter 
should probably be regarded as presumptive evidence of drownmg Failure to 
find a significant postmortem difference m the chlonde content on the two sides of 
the heart of such a body should not be regarded as endence that death resulted 
from causes other than drownmg 

In 8 of the 34 cases mcluded m table 9 samples were taken from only the nght 
Bide of the heart Although the chlonde values for these samples are lower than 
would be expected dunng life they are not significantly lower than those fre- 
quently obsen ed m persona dead of causes other than drownmg 

Blood Monde* (man) after drowning tn tea water Chlonde determmations on 
samples of n^t and left heart's blood in 32 persons thou^t to have died of 
drownmg m sea water are mcluded m table 10 If 90 mEq/L of chlonde repre- 
sents the upper antemortem limit of normal for whole blood and 108 for serum 
(Gram, Peters and VanSIyke) abnormally high chlonde ralues were present m 
o\ er 80 per cent of persons dead of drownmg m salt water Another significant 
feature of the data shown in table 10 is that m 19 of the 32 cases of drownmg 
m salt water the chlonde lei el was not only higher m the left heart but the 
differences between the right and the left heart were greater than had been ob- 
served m any of the control series It appears, therefore, that postmortem 
change is less likely to mask or simulate the effects of drowning in salt water 
than those of drownmg m fresh water It maj be mferred from the published 
data that a preponderance of chlondes m blood from the left side of the heart of 
17 mEq or more per hter constitutes ptesumptii e ondence of drownmg m salt 
water 

Poeimoriem Monde content of pteurat, peneardial, and pentoneal tAood In 
an effort to detennme whether drownmg leads to disproportionate dilution of 
fluids other than blood Guislam compared the postmortem chlonde values of 
blood and pleural fluid of 6 dogs killed by cerebral trauma with those of 6 dogs 
that had been drowned m fresh water Both the blood and the pleural fluid of 
the drowned animals showed lower chlonde values than were obsen ed m the 
controls and the chlonde reductions m the pleural fluid were of the same order of 
magnitude as those of the blood 
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Analyses of pleural, pencardial, and pentoneal fluids of human subjects dead 
of causes other than drowning are shown m table 11 Insofar as it is possible to 
mterpret these data it appears that postmortem loss of chloride occurs most 
rapidly from pentoneal flmd, less rapidly from the blood and pleural flmd and 
least rapidly from pencardial fluid 

Chlonde values for body fluids of human subjects dead of drownmg m fresh 
water are shown in table 12 Although it was stated that none of these mdiAud- 
uals had been dead longer than 6 days the absence of more defimte information 
concermng the time of death makes it difficult to assess the significance of the 

TABLE 10 


Chlonde concenirahon of blood of human subjects probably dead of drowning tn 
salt water (mith-equioalents per liter) 
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analytical results Chlonde levels of pleural flmd as low as 76 roEq/L had been 
obsen'^ed m the control senes, and m 5 of the 11 cases of fresh water drownmg, m 
which pleural flmd was tested, chlonde levels lower than 76 w'ere encountered 
The lowest chlonde level observed m the pentoneal flmd m the control senes was 
67 mEq/L and m 3 of the 7 drowned persons chlonde values lower than 67 were 
encountered The lowest chlonde level observed m the pencardial flmd m the 
control senes was 84 mEq/L and m 2 of 9 drowned persons lower values were 
encountered It is ob\nous that the control data are as yet inadequate to draw 
any conclusions concemmg the significance of the chlonde content of pleural, 
pencardial, pentoneal or pulmonary flmd m the diagnosis of death by drownmg 
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time values 8 to 10 times as high as the antemortem levels were reached As m 
the case of postmortem chlonde reduction the postmortem mcrease of magnesium 
m the blood does not alwaj^ occur at the same rate m the two sides of the heart 
and differences between nght and left heart as great as 0 7 mEq/L were ob- 
served 

After drownmg m sea water there was an early and sharp rise m the serum mag- 
nesium concentration on the left side of the heart to levels considerably higher 
than had been encountered m any of the control animals short of putrefaction 
Differences between the nght and left hearth’s blood of animals drowned m salt 
water as great as 16 mEq/L were encountered 

The highest serum magnesium values observed by Montz and McLean m 6 
human subjects dead less than 72 hours of causes other than drownmg was 7 
mEq/L, whereas in 2 or 3 cases of salt water drownmg exammed withm 24 hours 
after death serum magnesium values m the left heart of 22 and 23 mgm per hter 
respectively were found The greatest difference m the magnesium content of 
serum from the nght and left sides of the heart of persons dead of causes other 
than drownmg w^as 0 7 mEq/L and differences as high as 8 mEq/L were observed 
m all three of the cases of salt water drownmg m which the blood was analyzed 
for magnesium 

If subsequent data concemmg the rate and character of the postmortem 
changes m the magnesium content of blood conform to those now available it 
w ould appear that a preponderance of magnesium m the blood from the left side 
of the heart m excess of 1 mEq/L would constitute presumptive evidence of drown- 
mg in salt water 

Absence of significant chemical change in the blood of 'persons presumably dead of 
drowning As ahead}" mdicated the absence of chemical evidence of drownmg 
can frequently be explamed on the basis of postmortem artefact Occasionally, 
however, and even though the autopsy is performed mthm a few hours of death, 
it IS found that a person without demonstrable disease has unexpectedly died m 
the ivater without mhahng a sufficient amount of w ater to be recognized m the air 
passages, t^ produce changes m the lungs, or to cause significant alteration m the 
chemical composition of the blood In such mstances neither pathological nor 
chemical exammation is likely to aid matenally m estabhshmg the cause of death 
If drownmg be defined as suffocation due to the inhalation of fluid such deaths 
might better be charactenzed as havmg resulted from syncope Although it is 
be 3 "ond the scope of this review to discuss the possible mechanisms of such deaths 
it IS pertment to call attention to their occurrence There are no rehable data 
from w hich the f requenc}" of their occurrence can be estimated It is the author’s 
impression that imexplamed (not due to inhalation of fluid) deaths m the water 
constitute considerabl}' less than 10 per cent of all of the so-called deaths by 
drownmg 
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THE ROLE OF THE ADRENAL CORTEX IN PHYSIOLOGICAL 
PROCESSES 

W W SWINGLE AKD J W RE^^NaTONl 
Stdton of Pkifttoloffy, Biological Laboratary, Pnnuton Unwrtily 

The volume of literature dealing with vanous aapeeta of adrenal cortical 
function renders any review necessarily Incomplete, both with respect to topics 
treated, and to references cited Hus paper is restricted to a discussion of but 
ccrtam features of cortex function and the reviewers have arbitrarily omitted 
reference to the mtenelationships between the cortex and other endocnne glands, 
and to histological changes which the adrenal undergoes under various expen 
mental conditions Much of this hterature has been covered m recent reviews 
(142, 400, 429, 274, 276, 211, 610) 

No attempt has been made to survey work done pnor to 1930 smce this has 
been done bj Bntton (29) However, a few articles which cover the mam trend 
of adrenal cortex physiology up to that tune are mcluded m the bibhography 
(426, 420, 12, 16, 134, 424, 182, 171, 164, 167, 342, 446, 447) Purely chemical 
problems concerned with preparation of cortical extracts and the isolation and 
identiOcation of the various crystalhne adrenal hormones also lie outside the 
provmce of this paper, and have been adequately discussed m several reviews 
(236, 236, 341, 3M, 360, 351, 74) Probably most adrenal steroid chemists are 
agreed that not ail of the hormones of the cortex have been isolated, for the 
amorphous fraction, which remains after the known steroid hormones have been 
removed from extract concentrates, is very potent m so far as life mamtenance 
IS concerned (236, 341, 249, 361) 

For purposes of physiological treatment, the hormones of the adrenal cortex 
can be classified mto two groups 1, those closely alhed to progesterone the moat 
active of which is desoxycorticosterone, and 2, the steroids which have an oxygen 
at the C-11 position, cither m keto or hydroxj form, whoso nomenclature is based 
on their relation to corticosterone The physiological activity of these latter 
hormones, while showmg qunntltatii’e differences, is essentiallv similar, and seems 
pnnmnlj concerned in the reguiation of some aspects of organic metabolism as 
opposed to morganio For sake of brevity we shall refer to this group as the 
corticosterones, except where it is necessary to discriminate between its members 
Desoxycorticosterone is apparently the most potent of all known cortical hor 
mones m mamtaining the life of adrenalectomised animals, and m the control 
of certam phases of electrolj'te metabolism Y’et it is present m but imnute 
quantities m the adrenal, so tliat experimental results based on its use may 
eventually prove atypical 

A Faclors which affecl the life tpan after adrenalectomy Most adrenal work 
has been done on the dog, cat or rat The guinea pig and rabbit present opera 
ti\ e difficulties which preclude their extensive use For moni i ears it seemed 
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that in the rat, unhke the other forms, adrenalectomy was fatal m only a fraction 
of the cases The current view is that widespread accessory adrenal bodies may 
take over the function of the extirpated glands m this form, although such ac- 
cessory bodies have not been clearly demonstrated to be frequent enough to 
mamtam life The mortahty rate apparently depends m part on the strain of 
the anunal (119, 121, 56) Removal of considerable surroundmg tissue, said to 
be nch in accessory tissue, along with the adrenal glands, will mcrease the mor- 
tahty (112, 339, 106, 142) If the animal is tided over the first few days followmg 
operation, thus presumably allowmg time for accessory body hypertrophy, the 
mortahty is decreased (129) 

In the dog, the surgeiy mvolved m adrenal removal must be carefully per- 
formed, for mjury to nens plexuses adjacent to the glands wdl precipitate a rapid 
circulatory failure (243, 114) Adrenalectomy is therefore usually done m two 
stages (364, 114), a week or ten days elapsmg between operations This is im- 
necessary, however, if spmal anesthesia is employed (243, 106), or thorough 
procame mfiltration of the gland and adjacent nerve elements is performed 
previous to extirpation (243) 

Young rats tend to have a shorter survival span than older animals (250, 106, 
491, 418) Although there is some dispute on the pomt, the sex of the animal 
probably' has no great mfluence on survival (364, 142, 418) In hibematmg forms 
the season of the year matenally affects the life span, the animals generally sur- 
^^vlng the penod of torpor (30) 

The diet is extremely important m an assay based on the survival of adrenalec- 
tomized animals The chief factor seems to be the mtake of sodium chlonde 
(373, 269, 159, 251, 128, 359, 491, 2, 6, 47), and the ratio of fed sodium to potas- 
sium For reasons not clearly understood, a diet contammg bread wdl mcrease 
the survival time of adrenalectomized rats (430, 56, 59) As wiU be discussed 
more fully later, environmental temperature must be carefully controlled 

It was first demonstrated by' Rogoff and Stewart that the pregnant female 
dog (366) could survive removal of both adrenal glands Further work showed 
that pseudopregnancy would also alleviate the symptoms of adrenal msufficiency' 
(367, 445, 62) Whereas admmistration of estrogens shortens the survival 
penod <45, 73, 403, 340), apparently antenor pituitary hormones (92, 45) and the 
corpus luteum hormone, progesterone, (122, 125, 386, 107, 494, 77, 139, 68, 91, 
340, 67) can mamtam life 

!Many' studies of assays for adrenal cortical hormones, based on the mam- 
tenance of life m adrenalectomized animals, have been published, for the dog 
(157, 343, 482), the cat (183), gumea pig (416, 381, 47) and the rat (188, 339, 
418, 385, 44, 26, 78, 143) By their use, each steroid hormone has been tested 
In general, desoxycorticosterone is the most potent (466, 298, 143, 91, 248, 340, 
58, 357, 47), although the amorphous fraction is almost comparable (237, 238, 
249) Larger amounts of the corticosterones are required (235, 248, 298) 

B The relahon of the adrenal cortex to electrolyte metabolism 1 Sodium 
metabolism Baumann and Kurland (16) first called attention to a fall m plasma 
sodium and chlonde, and a rise m potassium, vhich followed adrenalectomy m 
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cats, and expressed the opinion that the adrenal was concerned in sodium 
metabolism Later it was shown that the mjecbon of lanous sodium salts 
(292) or large amounts of Ringer’s solution (386) would greatly prolong the life- 
span of adrenalectomited animals, and even revive such animals from acute 
msuffiaency 

The importance of these observations was not fullj reahred until Ixieb (268) 
showed that a significant dechne m plasma sodium was charactenstio of crisis 
m Addison’s disease, and that the patient could be kept symptom free by the 
administration of large amounts of sodium chloride (269) In careful metaboho 
experiments. Loch and associates (273, 276) and, later, Harrop and co-workers 
(168) demonstrated that the dechne m plasma sodium levels m the adrenalec 
tonuied dog was a reflection of an abnormally large excretion of this ion by the 
kidney Adequate amounts of cortical extract restored the electrolyte pattern 
of the blood to normal, and prevented the renal wastage of sodium and chloride 
(160, 164, 168) 

That sodmm salts alone can maintam the life of adrcnalectomired animals has 
been adequately demonstrated Swmgle and associates (460) were only par 
tially successful m mcreasmg the life-span by feedmg sodmm chloride to the 
pomt of tolerance Harrop and co-workers (169) showed, howoi er, that adrenal 
ectomired dogs could be mamtamed for long periods if a sodmm bicarbonate- 
sodium chloride mixture was given by stomach sound ADers (1) and Alters and 
Kendall (2) devised the most successful therapy for maintammg adrenalec 
tonused dogs, based m the feedmg of sodium ohlondc-sodnim citrate mixture 
with a diet low m potassium Doga were mamtained on this regime, without 
cortical extract, for as long as 115 days, with normal x alues for all blood constltu 
ents When the salt therapy was discontmued, the animals rapidly developed 
adrenal insufficiency CHeghom and associates (63) ha\ e confirmed these find- 
ings With careful control of the mmeral constituents of the diet, an adrenalec 
tomiied dog recenmg no other form of treatment can be mamtamed without 
food for as long as seven days, which is a most severe test (237) 

Sodium chlonde administration will also mamtam the adrenoleotomiicd rat 
as shown first by Ruhm and Knck (378) and Gaunt (128) Very large amounts 
of sodium chlonde, however, may be mjunous, and lead to death of the ani 
mal (8) 

Btabl and associates (421) successfully treated numerous Addison’s disease 
patients with sodium chlonde alone, and Harrop and associates (163), on the 
basis of their own work and that of Loeb, suggested the use of a salt-free diet as 
a diagnosho test for patients suspected of havmg this disease The evidence 
cited conclusively demonstrates that an adequate salt therapy can maintain 
normal health and normal blood chemistry both m adrenalectomised animals, 
and in patients with Addison’s disease, provided the individual is not subjected 
to unusual stress of any kmd (236, 237), and so long ns the food mtake remains 
normal (277) 

'The prmmpal deficienoj of the adrenalectomised animal with regard to sodium 
metabohsro seems to ho m an inability of the tubular cells of the kidney to reab 
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sorb the ion from the glomerular filtrate (152) One theory advanced to explam 
this renal failure Tvas that mcreased sodium excretion Tvas related to a decreased 
abihty of the kidney of the adrenalectomized animal to produce ammonia (227), 
but this view has not been generally accepted 
When cortical extract is mjected mto the patient Tvith Addison’s disease, the 
J normal human subject, the adrenalectomized dog, or the mtact dog, the excretion 
of sodium IS decreased, and that of potassium mcreased (464, 471, 180, 181) 
The sodium excretion is closely proportional to the dosage given (156, 160), 
which renders this techmque vahd for a bioassay of cortical materials 
The most potent adrenal hormone possessmg an action causmg renal retention 
of sodium IS desoxycorticosterone (468, 474, 237, 493, 274, 247, 470) In some 
cases the action of this steroid on sodium excretion is so powerful that serum 
sodium concentrations may actually be elevated above normal (101, 348), and 
the serum potassium levels lowered to the pomt at which toxic symptoms appear 
(247, 101) 

The corticosterones are less active m causmg sodium retention, or, as m the 
case of 17-hydroxy-ll-dehydrocorticosterone, actually mcrease the sodium loss 
(469) However, the renal effect is not specific for adrenal cortical hormones, 
smce the crystallme sex hormones also cause sodium retention (472, 473, 154, 
165, 239) Estradiol and progesterone are the most active of the sex hormones 
in this respect, testosterone the least active Similar effects are obtamed m the 
adrenalectomized animal, so that the renal action of the sex steroids is not 
mediated through the adrenal (467) 

Hartman and his collaborators have shoTvn that the action of cortical extract 
on sodium retention is gradually lost when mjections are made mtravenously 
over a period of time (165, 178, 180) This state of refractormess does not de- 
velop Tvhen the extract is given subcutaneously (177) Refractormess can be 
conferred upon a non-mjected normal animal by the mjection of serum from a 
refractory anima l (477) However, the refractory state is not mduced by mjec- 
tions of corticosterone, desoxycorticosterone or the precipitated sodium factor 
(173) Hartman and Lewis conclude that the factor necessary for sodium 
retention normally exists m a haptene combmation Tvith a protem contamed m 
cortical extracts (173) It is apparently not identical Tvith the factor which tviU 
mamtam hfe m the adrenalectomized animal (176, 186, 185) 

Absorption of electrolyte from the lumen of the mtestme is distmctly abnormal 
m adrenalectomized animals (82, 422, 48), mdicatmg that extra-renal defects 
may also be contnbutmg to the impaued sodium metabolism 
Increases m mtracellular hydration which should accompany depletion of 
extracellular sodium and chlonde by renal wastage, have been repeatedly dem- 
onstrated m adrenalectomized animals (414, 411, 607, 344, 314) Mimtivyler 
and associates (314) were able to correlate the gam m muscle water with the 
dechne m extracellular sodium concentrations The red blood cells show an 
mcrease m water content similar to that shoTvn by muscle (194, 314) 

Smce an mcreased hydration of muscle and red blood cells also follows a lower- 
mg of extracellular electrolyte concentrations m the mtact animal (81, 338, 



ADItEKAL CORTEX 1\ PHTBIOLOOIWL PROCESSES 


03 


521, 88, 314, 301), it can hardly be regarded as a spcafio response to laol. of 
cortical hormonea 'Winter and Hartman (607) found, however, that skeletal 
muscle taken from adrenalectomired rats would gam wafer more rapidly m a 
hypotonic solution, and lose it more rapidly m a hypertomc solution than would 
tissue from mtact rats They attnbuted this to moreased permeability of the 
muscle cella. Ponder and Gaunt (344) obtamed negative results m shnilar 
experiments on mt muscles, but Angerer and Angerer (9) found the same changes 
noted by 'Winter and Hartman in muscles from adrenaleotomued frogs 

As suggested by Swingle and associates (432), the actual homoconcentratian 
and fall m sodium concentration of the blood is often greater than that which 
can be accounted for by renal loss of water and sodram or by a shift of fluid mto 
the mtracellular compartment Changes in membrane permeabflity are there- 
fore suggested It is now rather firmly estabhdied that the adrenaleotomued 
animal in msufiiciency does shoe mtracellular electrolyte concentration changes 
Voluntary muscles (194, 326, 163, 80, 314, 41, 61), cardiac muscle (80) and red 
blood cells (194) all show an mcreased potassium and a decreased sodium con- 
centration Liver cell potassium remains unchanged (80) These changes can 
bo corrected by cortical extract mjections, but similar shifts of ions m mtact 
nmmsls receivmg cortical extract have not been obtamed Desoxycorticostereme 
mjections will, however, strikmgly alter the cation distribution in muscle cells 
Muscle sodium is moreased m both adrenalectomued and normal rats after pro- 
longed treatment with this steroid (41, 306, 101) and mtracellutar potassium is 
reduced 

The rntracclhilar electrolyte changes may not be reflectmg a speofio effect of 
adrenal cortical hormone upon membrane permeability, however Nephreo 
tomued rats show mtracellular potassium mcrcases similar to those of adrcnalec 
tomued animals, as the plasma level rises, mdicatmg that the intracellular con 
centration is directly governed by the extracellular potassium level (80) Red 
blood cells of the normal animal (149, 160, 242) respond to changes in sodium 
and potassium concentrations of the plasma by shifts of water and of these ions 
across the cell membrane 'When the cat or rabbit is subjected to depletion of 
extraceDular sodium by Intrapcntoneal glucose mjections, the red blood cells 
lose sodium mto the plasma (861) Heppel (190) formd that the muscles of the 
intact rat would gain sodium and lose potassium when the nnlmftl was fed a 
potassium free diet On the other hand, potassium mjections win mcrease 
muscle potassium and lower muscle sodhim (307) Thus while it is true that 
electrolyte shifts into and from the intracellular compartment occur m adrenal 
insufficiency, they apparently coincide with a fall m plasma sodium and a nse 
m plasma potassium concentrations, and are of the same magmtude as the 
intracellular changes exhibited by mtact aniraals with similar extracellular 
electrolyte changes 

The observed reduction in Intracellular sodnim contraiiicts the assumption 
previously mentioned, that a plasma sodnim loss greater than that which can be 
accounted for by excess renal excretion, can bo attributed to a shift mto the 
tissues 
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sorb tbe ion from the glomerular filtrate (152) One theory advanced to explain 
this renal failure was that mcreased sodium excretion was related to a decreased 
abihty of the kidney of the adrenalectomized animal to produce ammonia (227), 
but this view has not been generally accepted 
When cortical extract is mjected mto the patient with Addison’s disease, the 
J normal human subject, the adrenalectomized dog, or the mtact dog, the excretion 
of sodium IS decreased, and that of potassium mcreased (464, 471, ISO, 181) 
The sodium excretion is closely proportional to the dosage given (165, 160), 
which renders this techmque vahd for a bioassay of cortical matenals 
The most potent adrenal hormone possessmg an action causmg renal retention 
of sodium IS desoxycorticosterone (468, 474, 237, 493, 274, 247, 470) In some 
cases the action of this steroid on sodium excretion is so powerful that serum 
sodium concentrations may actually be elevated above normal (101, 348), and 
the serum potassium levels lowered to the pomt at which toxic s}TnptoinB appear 
(247, 101) 

The corticosterones are less active m causmg sodium retention, or, as m the 
case of 17-hydroxy-ll-dehydrocorticosterone, actually mcrease the sodium loss 
(469) However, the renal effect is not specific for adrenal cortical hormones, 
smce the crystallme sex hormones also cause sodium retention (472, 473, 164, 
155, 239) Estradiol and progesterone are the most active of the sex hormones 
m this respect, testosterone the least active Similar effects are obtamed m the 
adrenalectomized animal, so that the renal action of the sex steroids is not 
mediated through the adrenal (467) 

Hartman and his collaborators have shown that the action of cortical extract 
on sodium retention is gradually lost when mjections are made mtravenously 
over a penod of tune (165, 178, 180) This state of refractormess does not de- 
velop when the extract is given subcutaneously (177) Refractormess can be 
conferred upon a non-mjected normal animal by the mjection of serum from a 
refractory animal (477) However, the refractory state is not mduced by mjec- 
tions of corticosterone, desoxycorticosterone or the precipitated sodium factor 
(173) Hartman and Lewis conclude that the factor necessary for sodium 
retention normally exists m a haptene combmation with a protem contamed m 
cortical extracts (173) It is apparently not identical with the factor which will 
mamtam life m the adrenalectomized animal (176, 186, 186) 

Absorption of electrolyte from the lumen of the mtestme is distmctly abnormal 
m adrenalectomized animals (82, 422, 48), mdicatmg that extra-renal defects 
may also be contnbutmg to the impaired sodium metabolism 
Increases m mtracellular hydration which should accompany depletion of 
extracellular sodium and chlonde by renal wastage, have been repeatedly dem- 
onstrated m adrenalectomized animals (414, 411, 507, 344, 314) Muntwyler 
and associates (314) were able to correlate the gam m muscle water with the 
dechne m extracellular sodium concentrations The red blood cells show an 
mcrease m water content similar to that shown by muscle (194, 314) 

Smce an mcreased hydration of muscle and red blood cells also follows a lower- 
ing of extracellular electrolyte concentrations m the mtact animal (81, 338, 
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ccntrations to tliose tjTiIcal of terminal adrenal insnfficiencj would reproduce 
many of the symptoms of the adrenalectomited animal, and imght lend to death 
(189, 481, 630, 628, 631) 

The therapeutic i alue of a diet Ion in potassium m the treatment of Addison’s 
disease or for the nmmtennnco of odrenalectomiied animals has been repeatedly 
demonstrated (1, 2, 3, 326, 498, 378) Potassium administration has, m fact, 
been successfully used as the basis for a test for mcipient adrenal deficiency m 
the human (76, 629) 

Harrop, Soffer, EUsnorth and Trescher (158) first showed that the mcreaso in 
plasma potassium concentrations ivas largely a reflection of a decreased renal 
capacity to excrete tho ion This kidnej failure could be corrected by cortical 
extract (164, 158) Hamson and Dnrrow (162) attnbmed the renal djefunction 
to a. disturbance m tubular function, so that potassium was not concentrated in 
the unne m a normal manner This potassium retention maj not hold true for 
exogenous potassium, at least m the rat (380) 

Not all m-vestigatora agree that renal failure will account for the whole of the 
plasma potassium mcrease found m adrenal msuffiaenej Marene (290) found 
that injected potassium was fixed bj tho tissue cells less readily m adrenalectom 
ized animals Winkler and associates (606) also found tliat plasma potassium 
levels were eloN ated by a smaller amount of injected potassium than that required 
for the mtact dog Cortical extract is, accoiing to Marcnn, concerned m bmd-*’^ 
mg potassium in the tissue cells, in regulalmg the potassnun cquihbnum between 
tissues and plasma, and in regulating tho excretion of excess plasma potassium 
Ingle, Nilson and Kendall (219) observed that cortical extract would retard the 
nse m potassium concentration and prolong life m the adrenalectomixed 
nephrectomiied rat Other mvestigatora usmg this type of animal have reported 
either negative or mconclusivo results msofar ns potassium changes are con 
cemed (284, 172) 

Desoxycorticosterono has an action upon potassium metabolism oven greater 
than that of cortical extract Long contmued admmistration of this steroid may 
lead, in the dog, to muscle weakness and mternuttent paralysis, which is m large 
part attributable to tho extremely low plasma potassmm concentrations found 
(247, 101) The symptoms can be readily preiented by potassium mjcctions. 

Tho use of a low potassium diet with dcsoxy corticosterone therapy m patients 
with Addison’s disease may haie serious consequences (478) Tho stnkmg 
effect of desoxycorticostorono upon potassium metabolism is probably largely 
upon the kidney, for tho steroid will cause an mcreaso m potassium excretion 
c\ en m the mtact a nim a l (247) However Talbott and co-workers (468) found 
quite low potassium clearances In patients with Addison’s disease even after long 
periods of desoxycorticosteronc therapy 

Dcsoxycorticostcrono markedly affects the passage of potassium mto and out 
of tho cells It yvill prevent tho usual increase in mtracellnlar potassium which 
accompanies adrenal insufficiency, and will actually lower the tissue potassium 
m intact animals (300, 101, 41) Myocardial fibers of tho heart show lesions 
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comparable to those observed m rats fed a potassium-free diet (306) This 
effect m reducing muscle potassium is also shoum to some extent by the sex 
steroids (305) 

The accumulation of potassium m muscle cells durmg adrenal insufficiency 
probably will not account for the asthenia charactenstic of this condition (306) 
Similarly, the toxic effects of mjected potassium appear to be directly related to 
elevation of the serum concentration, and only mdirectly to the rise m muscle 
potassium (307) On the other hand, Ferrebee and associates (101) have sug- 
gested that the muscle weakness which follows prolonged treatment with de- 
soxycorticosterone may be associated with the decreased muscle potassium, and 
its replacement with sodium 

The idea that accumulation of potassium m the serum may, m itself, account 
for the symptoms of adrenal insufficiency has not had wide acceptance Keith 
and Bmger (232) report that mduced high levels of serum potassium m normal 
human subjects, and equally high levels in diseased patients, do not necessanly 
produce toxic symptoms Schamp (382) was unable to obtam symptoms re- 
sembhng those of adrenal insufficiency m normal dogs mjected, for long penods, 
with potassium salts The patient with Addison’s disease may show httle or 
no potassium retention even m crisis, and, on the other hand, may show greatly 
elevated serum potassium levels and yet remam symptom-free (271) Adrenal- 
ectomized animals dying of circulatory failure after trauma show no consistent 
serum potassium change (444, 355) 

Neither can the cause of death following adrenalectomy be attnbuted solely 
to the upset m the metabolism of sodium, although this was at one time a rather 
common assumption (273, 272, 158) While renal wastage of salt and water and 
consequent dehydration certamly contribute to the fatal collapse of the adrenal- 
ectomized animal, a considerable body of evidence mdicates that these changes, 
per se, may not be the primary factors mvolved Experiments have been devised 
m which the serum electrolyte concentrations of adrenalectomized animals are 
reduced to levels as low as or lower than those characteristic of adrenal insuffi- 
ciency, without producmg any symptoms whatever Such electrolyte depleted 
animals can be run through complete cycles of circulatory failure and subsequent 
restoration to normal health and vigor by withholdmg or admimstermg cortical 
extracts (440, 442) Moreover, circulatory collapse m adrenalectomized dogs 
need not mvolve anj'^ change m blood sodium or m body water (444, 365) Intra- 
venous mj actions of a strong hypertonic salt solution can restore the faihng 
circulation and electrolyte concentrations of the dog m acute adrenal msuffi- 
ciency, but the effect is temporary Withm a few hours the blood pressure agam 
dechnes to a level mcompatible ivith life, and the animal may die with serum 
electrolytes still well elevated above normal (439, 443) 

Hartman, Lewis and Glabnel (175, 176) reported that adrenalectomized dogs 
rendered refractoiy to cortical extract msofar as renal retention of sodium is 
concerned can be mamtamed m apparently normal health by extract mjections, 
while the plasma sodium is at the level characteristic of adrenal insufficiency 
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Loeb (270) has reported cases of Addison’s disease where the electrolyte pattern 
of the blood is virtually normal at death. 

Some anunal forms, such as the opossum (36, 412, 187) and the elasmobranch 
(174) show either no decrease or even an mcrease m plasma sodium durmg 
adrenal msufficienoy 

Further evidence on this pomt is furnished by experiments employing the 
Intrapentoneal rejection of isotomc glucose (383, 81) Intact animals so treated 
show symptoms resembhng, m many respects, those charactenstio of adrenal 
msufficiency, which mclude low serum sodium concentrations, hemoconcentra- 
tion, and decreased tolerance to stress (131, 361, 314) As has been frequently 
demonstrated, the adrenalectomised animal is extremely sensitive to intrapen 
toneal glucose mjections (439, 164, 124, 616, 362) 

In the adrenalectomised dog, the depletion of extracellular electrolyte and the 
dehydration of the blood is followed by a progressive dechne in blood pressure 
and symptoms of acute circulatory collapse (439) Quahtative differences m 
the electrolyte transfers induced m adrenalectomised and intact ammals by 
intrapentoneal glucose injection have not been observed Circulatory failure 
can be prevented by either cortical extract or desoxycorticosterone (436), even 
though plasma electrolyte concentrationa remain low (440) Blood chemistry 
studies made on adrenaleotomued rats subjected to mtrapentoneal glucose 
injections have revealed o, that less clcotrolyte is shifted mto the peritoneal 
cavity than in the normal rat, b, that, despite this smaller shift, serum electrolyte 
concentrations actually fall lower than in the normal rat, and c, the blood con 
centraticm is more severe (352) Father cortical extract or large amounts of 
desoxycorticosterone can prevent the fatal collapse, but neither wiU correct in 
enturety the abnormalities m electrolyte transfer (363) However, the electro- 
lyte imbalance does not seem directly concerned m the production of circulatoiy 
collapse, except insofar as it throws a stram upon an asthenic penpheral circu 
lation 

The mechanism underlying the decreased abihty to transfer fluid and electro- 
lyte from one body compartment to another is not clear Cantarow and Rakoff 
(42, 349) found that desoxycorticosterone, m common with the sox hormones, 
moreased the rate of chloride transfer from the blood to the jientoneal cavity in 
the dog, but a similar change is not obsen cd m the rabhit (349) or rat (363) 

C The relation of the adrenal corier to renal fundion Aside from renal u astage 
of salt and water, and retention of potassium, m adrenal insufflciency, the 
adrenalectomued animal shows changes m blood and urine chemistry which are 
mdicative of a serious imjiairment m renal function There is an earlj rise m 
blood non protem mtrogen and urea mtrogen levels (23, 12, 414, 433, 434, 279, 
182, 620, 160, 625), and an appreciable increase in blood sulfate (455, 509), 
creatmme, uno acid and phosphate levels (434, 622, 182, 160) In 1918 Marshall 
and Dans (297) showed that the urea retention of the adrenaicctomued dog was 
associated with a decreased excretion of creatmme and phenolsulphonphthaloin 
A decreased urea clearance was also noticed by Boner and Sho\ sky (23) m the 
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adrenalectomized rabbit While a more or less acute bpoid nephro; 
kidney tubules in terminal adrenal msufficiency has been descnbed 
146, 417) it now seems agreed that visible pathological changes an 
consistent nor wTdespread enough to explam the impairment in kidney 
(433, 130, 297) 

Stahl and associates (421) showed that the clearance of either urea o 
Bulphonphthalem was not reduced below normal m adrenalectomized a 
long as cortical extract or salt was given, but that lowered clearances 
shortly after the removal of mamtenance therapy A close correlation 
repeated!}' drawn betw'een the actual level of non-protem mtrogen in t 
and the onset of sjmptoms of adrenal msufficiency (520, 182, 160, 4 
The possibdity that death m the adrenalectomized animal is due pni 
uremia is not tenable, how ever, for, as several workers have demonstr. 
300) blood urea nitrogen levels higher than those usually observed m 
adrenal msufficienc}' are not necessarily lethal to the animal wath mtac 
The blood urea changes are, however, mdicative of a progressive rena 
which must be regarded as an essential factor m the dei elopment of u 
cated adrenal msufficiency 

Distmct deviations from normal m the renal excretion of nitrogeno 
products, of sodium, of potassium, and of w ater are now' recognized ai 
tenstic of adrenal insufficiency At present, these various deficiencie 
seem to have a common denommator 

The mabihty of the kidne}' of the adrenalectomized animal to transfei 
from the glomerular filtrate to the plasma, and also its mabihty to excrei 
Slum m normal quantities, have already been discussed Both are su] 
due to a defect m the metabolism of the renal tubules, but one which cai 
rected by desoxycorticosterone (468), and the amorphous fraction (238’ 
it IS presumably not duectly Imked to a disturbance m mtermediary carbc 
metabolism 

The decreased excretion of mtrogenous w aste products m the adrenalec 
animal is probably related to extra-renal defects The mcrease in blc 
mtrogen following adrenalectomy m the dog occurs simultaneously ' 
fRU in blood pressure, and does not precede it (449) In fact, there if 
reciprocal correlation between the blood pressure and blood urea ( 
Talbott and associates (458) have recently shown, however, that a defic 
the rate of glomerular filtration exists m the patient with Addison’s dise 
when the blood pressure is well mamtamed, so that hypotension is certa 
the sole factor concerned The sharp reduction m blood volume whicl 
reduction of sodium and chlonde concentrations also must play a r61 
creasmg the renal blood flow m the adrenalectomized animal Talb 
associates (458) suggest that a dimmution m efferent artenolar tone ma; 
significant part m the reduced urea clearance 

Deso'q'corticosterone will mcrease the urea excretion, and lower the < 
blood urea levels (466, 274, 176, 377) In fact, the blood urea level of the 
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367) Not all of this difference can be attnbuted to an increased rate of gloraeni 
lar filtration, for desoxycorticosterone will also decrease the eei enti of uremia 
m nephroctomiied anunals (398, 362, 86, 404) Other mduect evidence mdicates 
that this steroid ma> actualh depress protein catabolism of the body (357, 356) 

D Rdalion of adrenal cortex to water diuresis, water intoxication and diabetes 
insipidus In most, but not all, animals, tho altered electrolj'te excretion which 
follows adrenalectomj is associated \nth a diuresis This subsides, as symptoms 
become severe, and ternunallj an ohguna or anuna ensues (102, 607, 449, 373, 
19 380, 120, 274) Yet despite this water diuresis associated with sodium loss, 
the ability of the kidnej to excrete water shows deficiencies If distilled water 
IS administered by mouth, ev en m small doees, tho diuretic response is far below 
normal (291, 118, 372, 260) and susccptibihty to water intoxication is eirtreme 
(360, 441, 124, 98) This loss of the normal diuretic response to water is endent 
m the rat withm 18 hours after adrena!ectom> and later becomes more marked 
even m animals well mamtamed on salt (118) Protection against water intoxi 
cation IS also afforded tho adrenalectomiied rat to a certam degree by salt 
(441, 124) 

Kottke and associates (240) obsen ed no abnormahty m a urme dilution test 
performed on adrenalectomitcd dogs mamtamed on salt The ability to con 
centrate urme was defective, however, in hot weather 

Desoxycortioosterone shows activity m preventing water mtoxication m 
adrenalectomired animals (453, 98), but whole gland extract or the corticos- 
terones (08) are more effective The sex hormones show no activity (125) 
Cortical extract and desoxj corticosterone will also provide a hfe-nmmtammg 
protection for normal rats agamst doses of water otherwise lethallv Intoxioatmg 
(118) 

The mechanism underljing the loss of the diuretic response to water after 
adrenalectomy has not been fully elucidated, although several contributing 
factors are known In the rat, delayed diuresis after water is given bv mouth 
can be accounted for in part b> a decreased stomach-craptjing time and rate 
of mtestinal absorption (118) The decreased absorption rate is probably 
assodated with an abnormal electrolyte shift mto the intestinal lumen (118, 
422) However, either absorbed water (118, 301a) or mjected fluid (360, 241) 
IS not excreted at a normal rate in adienalectomiied animals, or m patients with 
Addison’s disease Purther, mtoxication symptoms appear at loner levels of 
water retention m adrenalectomised than m normal dogs (441) Water Intoxi 
cation IS apparently not similar to most other stresses m adrenalectomiied am 
mala since, at least m its earlj stages, it is not assoemted with a marked fall in 
blood pressure (441, 118) 

The hypophysectomiicd animal also shows a stnkmg loss of diuretic response 
to water and a high su8ccptibilit> to water mtoxication (124, 228), which can 
bo relieved by dosox> corticosterone or cortical extract (228) 

Large doses of desoxj corticosterone, when prolonged over a sufficient time 
interval, will produce a syndrome of polydipsia and poljnina similar to that of 
dmbetes msipidus (348), except that pitultnn is ineffective and fluid restriction 
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does not cause dehydration Withdrawing salt from the diet reduces the seventy 
of the polyuna (312) An imbalance between the effect of the adrenocortical 
and postenor pituitary hormones upon the kidney has been postulated (312, 
413) It IS true that desoxydorticosterone (70, 400), unlike cortical extract 
(388), will produce a diuresis m hypophyaeetomized rats However, the quan- 
tities of the steroid required to produce polyuna are so large that the effect may 
be of the nature of a simple overdosage phenomenon (387) 

Another explanation for the polsoina followmg desoxycorticosterone therapy 
might be that as the extracellular sodium concentration is mcreased, and mtra- 
cellular hydration is decreased, the water mtake, through mcreased thirst, will 
also be considerably mcreased (348, 356, 132, 81) In other words, the polyuna 
would be merely reflectmg a polydipsia 

E Influence of the adrenal cortex on organic metabolism The observation that 
the blood sugar level of adrenalectomized, animals was often low, or even at 
hypoglycemic levels, was reported many years ago (24, 345) Later it was shown 
that the hver glycogen levels were even less stable than were the blood sugar 
concentrations (345, 71) but these important findmgs attracted httle attention 
at the time Bntton and his colleagues (32, 34, 33, 415) m a survey of the 
symptoms which foUow bilateral adrenalectomy, m a wde vanety of species, 
were impressed with the relative constancy of an appreciable dechne m body 
carbohydrate levels, evidenced by blood sugar, and hver, heart and muscle 
glycogen changes The occasional entire lack of significant dechne m blood 
electrolyte concentrations, and the frequency of the development of hypogly- 
cemia, seemed to warrant the conclusion that death from adrenal msufficiency 
was a reflection of a faulty carbohydrate metabolism of the tissues of the body 
through depletion of carbohydrate levels 

Howe\ er, many observers pomted out that the blood sugar might easily be m 
the normal range even at the tune of fatal collapse (161, 330, 141, 364, 12) which 
led some to doubt that regulation of carbohydrate metabobsm n as the prepotent 
function of the adrenal cortex 

Several reasons for this apparent discrepancy in experimental results now seem 
clear There appears to be a rather mde species difference m the tendency for 
the blood sugar to dechne significantly after adrenalectomy In the adrenalec- 
tomized cat, for example, the final collapse of adrenal insufficiency is often asso- 
ciated with a defimte hypoglycemia (34, 528, 433, 33) The adrenalectomized 
dog, however, but rarely shows a dechne in blood sugar levels (161, 330, 364, 
12, 182) A part of this species difference is probably exphcable on the basis 
of differences m eatmg habits 

The problem of the relation of the adrenal cortex to carboh 3 'drate metabobsm 
was reopened with the work of Long and associates (277) In agreement ivith 
other workers, they found that so long as adrenalectomized rats u ere mamtamed 
m good health bj’’ the administration of sodium salts, no abnormahties could be 
observed m the storage of carbohj'drate \STien, on the other hand, the adrenal- 
ectomized animal refused food, or when it was forced to fast, the hver glycogen 
showed a dramatic fall to extremely low lex els, accompanied by less severe but 
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Significant decJmes in muscle gl> oogen and blood sugar values Not only could 
these changes be prevented by the administration of cortical extract, but the 
liver glycogen levels could be mcreased well aboi e normal even in these fasted 
animals, thus confimung prenous observations of Bntton and co-worLors (34) 

An mcreaso m hver glycogen leiels in the fasted animal, either normal or 
adrenalectommed, mdicated that the administered cortical extract was either 
mducmg a marked shift m carbohj-drate reserves from other tissues of the body 
to the liver, or that the extract was stimulatmg the conversion of other matenals 
mto liver glycogen The fact that all known glycogen deposits were mcreased 
contradicted the possibihty of a carbohydrate translocation after extract treat- 
ment In careful metabohc experiments, it was obsen ed that the increase m 
hv er glycogen levels was accompanied by an increase in unnaiy nitrogen excre- 
tion, with the ratio of extra carbohydrate formed to extra nitrogen ehmmated 
mdicating that the glycogen mcrement could be entirely explamed bv a conver 
Sion of endogenous protem stores to carbohydrate Coincident vnth the morease 
in nitrogen output there was a fall m bodj weight, without a comparable mcrease 
in metabolic rate 

Evndenco advanced by sevcrai mvestigatore tends to support this general thesis 
that the action of cortical hormone may be more concerned vnth the catabolism 
of protem than in the actual utilisation of carbohydrate Not only will adrenal 
ectomy relieve the symptoms of severe diabetes in the pancreatectomiied animal 
(108, 278, 203, 280), but, as the glycosuria is reduced and finally eliminated, the 
level of urmaij nitrogen also decreases (277, 220, 278) Cortical extract admin 
istration will increase the degree of giyoosuna and aiso mcrease the uimatj 
nitrogen When phlotbmln is giv en to the adrenalectomited rat, the excretion 
of giucoso and mtrogen is but a fraction of that observed with the phlorhmn 
treated normal animal (430, 199, 94, 204, 492) The administration of cortical 
extract produces a marked loss m body weight, mcreases the gl> cosuna and also 
the amount of nitrogen excreted Likewise the nse in liver glj cogen, accom 
pamed by an mcrease m urmarj nitrogen, which follows a short penod of anoxia, 
IS prevented by adrenalectomv (94, 108, 266, but see 263), and can be restored 
vnth eortlcal uxtraot injections 

IVhile this relation of the unrmty nitrogen excretion to the clmnges in hv er 
gij cogen level appears clear, it should be remembered that a decreased nitrogen 
output, accompanied by an elevration of blood non protein nitrogen concentra 
t ions, IS one of the earhest signs of adrenal msufificiency and denotes a decreased 
urea clearance by a hypofunctional kidney (161, 227, 168) 

It should not be inferred that a regulatorj effect of the adrenal cortex upon the 
catabolism of protem can satisfactorily explain all the metabolic deficiencies 
observable m the adrenaloctomiied animal The rapiditj with which the hv er 
glvxogen level dechnes m a fasted adrenalectormtcd animal is an mdicatlon that 
the tissues are oxidmng carbohj-drate at an abnormallj rapid rate Ev ans (95) 
noted that when an adrennlcctomiied rat was fed glucose, it stored less as hver 
giveogen and used a greater portion than would an mtact rat Conv erselv , 
HiisscU (376) found that the ndrmnistration of cortical extract to a glucose fed rat 
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increased the proportion stored as glycogen, and decreased the amount oxidized 
by the tissues Katzm and Long (230) foimd a lower E, Q m such extract 
treated rats The conclusion that abnormal amounts of carbohydrate are burned 
by the adrenalectomized animal is supported by the experiments of Thom and 
co-workers (264, 476) These facts might be interpreted as mdicatmg that 
cortical extract actually inhibits the oxidation of carbohydrate When, for 
example, force-fed depancreatized rats are given cortical extract, the mcreased 
glucose excretion which follows cannot all be hnked to protem catabohsm (220) 
Also, the decrease m sugar excretion which follows adrenalectomy is not entirely 
related to the decreased conversion of protem to carbohydrate (220) An 
interestmg possibihty is the one suggested by Wells and Kendall (493), that 
cortical hormone specifically blocks the action of insulin It is true that the 
adrenalectomized animal is extremely sensitive to msuhn, and that it can be 
protected by the admmistration of cortical extract (226) or adreno-cortical 
transplants (431) Whether this antagonism to insulm is other than an mdirect 
reflection of a more fundamental upset in carbohydrate or protem metabolism is 
not proven, but research along these Imes is likeh to prove fruitful 

It would seem that the precise r61e of the adrenal cortex in metabolism must 
await clearly drawm results obtamed on a study of the intermediary processes by 
which carbohydrate and protem are utihzed m the tissues themselves Some 
suggestions have alreadj’’ been advanced, but any attempt to evaluate them 
would be premature There are, however, several points at which cortical 
hormones could be actmg m their mfluence on metabohc processes 

1 Intestinal absorption The theory advanced bj’^ Verzar (485, 486, l87, 
308, 309, 221) that the hormone of the adrenal cortex is essentiaUy concerned 
m the mamtenance of the enzj'matic processes by w hich carbohydrate or fatty 
acids are phosphorylated, w'as largely based upon the obsen ation that the ab- 
sorption rate for glucose and fat was reduced immediatelv after adrenalectomy 
In fact, the adrenalectomized rat was reported to haxe lost the differential 
between the absorption rate of glucose, which is phosphoiwlated m the mtestmal 
mucosa, and xylose, w hich is not The reduced intestinal absorption shown by 
the adrenalectomized animal was therefore comparable to that shown by the 
animal poisoned with lodoacetic acid (486, 221, 308) 

Smce the pubhcation of this scheme, much e^ idence has been adi anced w'hich 
has, with httle exception, failed to substantiate Verzar’s claims It is true that 
the absorption rate of glucose is lessened m the adienalectomized rat (71, 4, 
296, 204) On the other hand, when the animal is mamtamed on sodium salts, 
the glucose absorption is normal (83, 4, 49) One reasonable explanation offered 
18 that the mamtenance of a normal absorption rate depends directly upon the 
mamtenance of a normal food mtake Fasted normal rats, sham operated and 
unilaterally adrenalectomized rats show a decreased glucose absorption rate of 
the same order as that found m adrenalectomized rats (296), so that changes 
present shortly after operation presumably reflect the period of inanition on the 
day of the operation Considerable mdirect evidence supports this conclusion, 
for it has been ^own that liver glycogen and blood sugar levels show httle 
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tendency to decline so long as the ndremdectomized animal is in good condition 
and eatmg normally 

The nlslm of Venar and other workers (487, 250, 257) that the absorption rata 
of fat is retarded after adrenalectomy, and can be restored to normal mth either 
cortical extract or flavme and phosphoric acid, has led to considerable con- 
troversy Some mvestigators have confirmed the decreased absorption rate 
(18, 17), while others deny that the salt-fed adrenalectomlied rat shows any 
deficiency m fat absorption (13, 16, 60, 14,304, 427) or m the phosphorylation of 
fatty acids m the mtestmal mucosa (427) Whether this discrepancy may be 
due to differences in tedmique is not settled (14) 

There is, honever, insufRoient evidence to justify the suspicion that an m 
abihty to absorb either carbohydrate or fat from the intestme plays a significant 
rfile m the metaboho upsets which accompany adrenal insufficienoy 

2 The cmvereum of absorbed glucose to glycogen in the Itver Available mdirect 
evudence indicates that fed carbohydrate can be transformed into h\er glycogen 
at a normal rate m the adrenoleotomiied animal (277, 7, 236) However, Bntton 
and Corey (31) have presented direct evidence that cortical extract affects the 
abihty of the li\ er to convert glucose mto glj oogen The perfused hver of an 
adrenaleotomiied rat failed to show glycogen storage mth a gum-salme-glucose 
perfusion medium, even when insulin was given When, however, cortical 
extract was added to the perfusion medium, there was a strikmg and rapid rise 
in hver glycogen levels 

Seokel 094) had earlier shown that cortical extract would retard the rate of 
glycogenolysis m hver slices taken from adrenalectomiied rats This decreased 
rate of conversion of glycogen to glucose under cortical extract action was con- 
firmed by Corey and Bntton (09) usmg isolated livers The conclusion would 
be that cortical extract not only enhances the com ersion of giucose mto glycogen, 
but retards the breakdown of hver glycogen to maintain blood sugar levels The 
importance of this shift in the equihbnum between glucose and glycogen m favor 
of the glycogen cannot be assessed at present It might explam the fact that 
cortical extract will increase the proportion of fed glucose which is stored ns hver 
glycogen ns ngnuist that which is oxidiied by the tissues However, it seems 
doubtful if all the known deficiencies m carbohjtlrate metabolism shown by the 
adrenalectoraired animal can be explamcd on the basis of this reaction alone 

3 Deamtnteation of amno acids A faulty deammixation of ammo acids m 
kidney or hver could well explam the decreased ammonia and urea excretion 
found m adrenalectomiied animals, and also the parallel increase in unnary 
nitrogen which accompanies the increase m glycogen stores following the adnun 
istration of cortical extract Such a failure of deominiiation, at least for the 
kidney, has some experimental baokmg 

Jimmei-Diai (227), impressed with the frequency of acidosis in Addison’s 
disease patients, adianccd the explanation that the kidney had become "as- 
thenic,” rmd no longer produced ammonia at a normal rate Kidney slices from 
adrenalectomiied cats shoived just such a failure of deaminiiation Russell rmd 
Wilhelmi 070), m extendmg this work, shoived that kidney shcea from adrcnalco- 



104 


TV TV SWINGLE AND J W REMINGTON 


tomized rats did not deaminize either admmistered alanme or glutamic acid at 
a normal rate Samuels and co-workera (379) had observed earlier that alanme 
fed to adrenalectomized rats resulted m less storage of hver glycogen than would 
be true of normal rats 

It 18 curious that this failure of ammoma removal could not be demonstrated 
for hver tissue Evans (96) found a normal rate of deammization for alanme m 
liver slices from adrenaleotonuzed rats Likewise, Koepf and associates (244) 
found a normal deammization of glutamic acid m hver tissue 

The basis for this tissue difference m the abihty to deammize ammo acids, is 
not clear At least, until this pomt is clarified, it would not be safe to attnbute 
the prmcipal deficiency m protem and carbohydrate metabolism shoivn by the 
adrenalectomized animal to a failure m the enzymatic process mvolved m the 
liberation of ammonia 

4 Conversion of keto and hydroxy acid to carbohydrate Considerable evidence 
has accumulated that keto acids, such as those remammg after deanunization of 
ammo acids, cannot be transformed mto carbohydrate at a normal rate after 
the adrenals have been removed Buell, Anderson and Strauss (39) found a 
retarded conversion of lactic acid to glycogen m the hver of adrenalectomized 
rats Similarly pyruvate and succmate do not seem to be transformed mto 
glycogen at a normal rate m hver tissue depnved of cortical hormone (476, 244) 
When the animal is treated with large amounts of cortical extract, the conversion 
rate of pyruvate to glycogen is actually mcreased to greater than normal 
(244) On the other hand, kidney shces from adrenalectomized rats evidently 
form carbohydrate from succmic and pyruvic acid at a normal rate (376) This 
agam may be due to a difference m tissue source 

There is also some evidence that the animal as a whole cannot form glycogen 
at a normal rate from fed keto acids after adrenalectomy Lewis and associates 
(264) found that m phlorhizm treated rats, the transformation of lactic and 
pyruvic acids mto glycogen proceeded at a slower rate after adrenal removal, but 
their results have been criticized by Kendall (235) Wells and Kendall (494) 
beheve that there is no dimmution m the abihty to convert fed protem mto liver 
glycogen m the phlondzmized adrenalectomized animal Levy Simpson (263) has 
suggested that cortical extract mcreases the conversion of endogenous lactic 
acid to carbohydrate m the Addison’s disease patient 

5 Oxidation of glucose The previously mentioned experiments mdicatmg 
that the adrenalectomized animal bums a greater amount of carbohydrate than 
does the cortical extract treated animal (95, 376, 264, 476) would not necessanly 
demand that the actual process of glucose oxidation was abnormal If, for 
example, the catabolism of other endogenous energy yieldmg matenals, such as 
protein, was impeded m the adrenalectomized animal, the oxidation of a larger 
amount of carbohydrate would necessanly follow 

The only direct evidence on the abihty of the tissues from adrenalectomized 
animals to utihze carbohydrate has been obtamed on voluntary muscle It has 
long been recognized that muscle from the adrenalectomized animal rapidly loses 
its normal capacity to perform work In fact, several accurate methods of bio- 
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assay of cortical principles are based on the restoration of the normal work 
capacity either of the whole animal (117) or of isolated muscles (212, 147, 97) 
Ingle, m a number of studies on the woik capacity of the gastrocnemius muscle 
of adrenalectomiied rats, has shown that asthenia develops shortly after extirpa 
tion of the ghmds, and that it is not corrected by mjections of salt (213, 218) 
Injected glucose produces an improa ement in the work capacity, approximately 
equivalent to that obtained by the mjcction of cortical hormone (218) Winter 
and Knowlton (608) attribute the asthenia to a metabohe deficiency of the muscle 
of the adrenalectomked animal The fundamental nature of the decreased work 
capacity is, however, not known, for factors such as circulatory collapse and the 
decreased muscle glycogen have not been eliminated (218) 

Button and his associates (32, 34, 35, 33) have held that muscle glycogen 
levels are without exception senously depleted m adrenalectomised animals, and 
conversely, that these glycogen levels could be restored bj the administration of 
cortical extract The present consensus of opmion is, however, that while 
muscle glycogen may show a dechne after adrenalectomy only after food is 
refused (277, 376) muscle glycogen is not mcreased m the normal animal treated 
with cortical extract Whether a carbohydrate deficiency other than that 
attributable to a lack of available giycpgen is present in the muscle is uncertam 
The workmg muscle does seem to produce less lactic acid when depnved of cortl 
cal extract (11, 316, 66) Also there is impairment of the abihty of the gastroc 
neimus to produce lactic aad autolytieally (40, 66) A decrease in total phos- 
phorus and m morganic phosphate following adrenalectomy has been reported 
(40) Some ivorketa (262, 06) believe that there is a reduction m phosphocreatin, 
which would imply a derangement in the recovery process of muscle Others 
doubt the significance of the phosphocreatm changes after adrenalectomy (281) 
Cope and co-workers (66) could find no difference m the eniymatic formation of 
lactic acid by muscle extracts from norma! and adrenalectomiied animals They 
concluded, however, that less work could be jicrformed because the muscle could 
no longer reajTithesiio phosphocreatm at a normal rate 
Veriar and Nontigel (488) found a decrease m glycogen phosphorylation m 
muscle after adrenalectomy, but smee restoration was obtamed with desoxy- 
corticosterone, which does not, to an appreciable extent, mfiuence muscle work 
(216), their result is difficult to evaluate Nicholson and associates (323) showed 
that the ability to dea elop a delayed tension (6th stage of neuro-muscular trans- 
mission) after a motor nerve stimulation, was reduced after adrenalectomy and 
could be restored by desoxj corticosterone There is some evidence that the 
energj capacity of the normal dog (87), rat (148), human (205, 310) and asthemc 
patients (130) may be mcreased by cortical extract therapy 
It IS not unlikelj , therefore, that a deficiency in work capacitj is related m part 
to an inabihtj of the muscle from an adrenalectomiied animal to utihie efficiently 
available carbohj drate, but the nature of this deficiency remains elusn e 
0 Produclton and combutiton of acetone body residues Just ns adrenalectomy 
reduces the glj cosuria of depancreatiied animals, it also tends to lower or abolish 
the excretion of ketone bodies (278, 280) Simitarly, adrenalectomy will abolish 
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the ketonuna follofting phIorhi 2 an injections (95), pregnancy (282), fasting 
(282) and the administration of antenor pituitary extract (116, 283) The 
actual production of ketonuna by cortical extract is not so clearly established 
Ketosis followmg the mjection of 17-hydroxy-ll-dehydro-corticosterone ft as 
obtained by Ingle and Thom (220) m depancreatized rats, but, as Ingle (211) 
pomts out, this folloft'ed the development of a glycosuna sufficiently severe to be 
accompanied by ketonuna itself Ketone body excretion is mcreased m phlor- 
hizm treated adrenalectomized rats after treatment ftuth corticosterone, but the 
condition of the animal is at the same time improved (235) If fat is fed the 
phlorhizmized animal, there is little mcrease m the degree of ketosis unless cortical 
extract is given (494) Hoftever, desoxycorticosterone, •which seenungty lacks 
an effect on carbohydrate metabohsm, is also effective, m this regard Ketonuna 
could not be produced m normal rats ivith cortical hormones (407) 

A direct relation of cortical hormone to acetone body production foUoftung 
antenor pitmtary extract is rendered unhkely by the observation of Mirsky and 
associates (311, 317) that there is no parallel decrease m the blood level of acetone 
bodies of adrenalectomized animals accompanymg the decrease m ketonuna 
This observation has since been confirmed (287, 408) An explanation w ould be 
that the hypofunctional kidney shaft's a higher threshold level for acetone bodies 
Shipley (406), however, disagrees that the dimmished ketosis m adrenalectomized 
rats treated ftrth antenor pituitai^ extract can be explamed solely on the basis of 
renal threshold level In his experiments, ketonemia was reduced but not 
abohshed, and ketonuna was hkeftise reduced but not necessarily abolished 
Mirsky and associates (317) would agree that adrenalectomy does produce a 
reduction m the rate of ketone bodj’’ formation and m the rate of utilization 

An mterestmg fact, of uncertam significance, is that the fatty mfiltration of 
the hver fthich folloftrs the admmistration of anterior pitmtarj' extract (116, 282), 
or poisonmg ftuth phlorhizm (487) can be prevented by adrenalectomj Adre- 
nalectomy ft-iU also reduce the fat deposition m the regeneratmg hver of partially 
hepatectomized fasted animals (285) Cortical extract treatment allows the 
fatty mfiltration to progress normally 

By Avay of summarv, then, it would seem that cortical hormones may control 
carbohydrate metabolism bi a, mcreasmg the conxersion to glycogen of fed 
carbohydrate, b, allowing the conxersion of endogenous protein to glycogen, as- 
sistmg either m the process of deammization of the ammo acids, or m the con- 
version of the keto and hi droxi acids to carbohydrate, c, decreasmg the o'xidation 
of a'l ailable carbohydrate 

In almost all cases wheie cortical extract has an effect on the phj'siological 
processes mi oli ed m carbohydrate and protem metabolism, identical or ei en 
greater effects can be obtamed ii ith the corticosterones, ft hich can prevent the 
depletion of hver glj cogen m fasted adrenalectomized anunals (277, 137, 276), 
raise the resistance to msulm injections (137, 138), mcrease the work capacity of 
voluntary' muscle (214), augment the conversion of glucose to hver glycogen 
(277) and mcrease the coniersion of keto acids to hver gb^cogen (264) It is 
also true that the adrenal steroids lackmg m oxj’^gen at C-11, such as desoxj’’- 
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corticosterone, 17 hydroiydcsoicycorticosteronc, or the sex steroid progesterone 
(277, 236, 265, 215, 137), have httle effect on any of these processes, although they 
may increase hver glycogen levels in some species (123, 72) 

The abflity to augment hver glycogen stores is not as specific for cortical 
hormones as once beheved, however, for Janes and Nelson (224) shou-ed that 
diethylstUboesterol would increase hver glycogen m the normal rat This ob- 
sen ation has been amply confirmed not only for this synthetic hormone but for 
the naturally occumng estrogens as ivell (140, 84, 216, 217) Accompanymg the 
mcicase m carbohydrate is a nee m unnaiy nitrogen Dohn, Joeeph and Gaunt 
(84) found that estrogens would mcrease the gly cosuna of depancreatued ferrets, 
and Ingle (216) reported that they would produce gly cosuna m the sugar fed 
normal rat Long (276) found that dicthylstilboesterol would not mcrease the 
hver glycogen level m either the adrenalectonuied or hypophysectomiied animal, 
and concluded that the action of the aex steroids nos on the adrenal cortex via 
the antenor pitiutary Ingle (217) was able, however, to produce glycosuria 
m the adrenalectomised rat receiving lelativelv small amounts of cortical extract 
by prolonged sex steroid therapy Death might follow with blood sugar levels 
still markedly elevated This problem remams, therefore, unsettled 

The metabolic upsets m protem and carbohydrate metabolism found m the 
adrenalectommed animal ore, m large part, present m less scute form m the 
hypophysectomited anunal No attempt has been made to review the rather 
extensive hterature pertainmg to the r61e of the antenor pituitary on organic 
metabolism, but it seems apparent that all known carbohydrate effects of the 
pituitary carmot be explamed solely on the basis of its action in mamtainmg the 
functional mtegnty of the adrenal cortex (277, 276, 94, 375, 374, 21, 202, 429) 

Evidence on the relation of the adrenal cortical hormone to vitamm metabol 
ism IS controversial For example, evidence for (266, 267, 600) and against 
(483, 428, 144, 226) an mfluence on the synthesis of ntamm C has been presented 
The condusion of Verxar and Lasit (486, 486, 257) that phosphorylated 
ribofiavme could mamtam the adrenalectomised rat, has been repeatedly demed 
(296, 46, 316, 37, 100) 

A defect m the calcification of teeth (337, 384) and bones (601) is present mthe 
adrenalectomised animal, but its nature is obscure Butcher (38) found that 
hair growth was accelerated after adrenal removal, which is opposite to the 
effect which nu^t bo expected on the basis of the hirsutism associated with 
adrenal tumors, and also the hair sheddmg which accompames adrenal msuffi 
ciency m the dog The hair sheddmg foUowmg adrenalectomy m the rat has 
been attributed to loss of the medulla (423) It is common observation, how- 
ever, that hair coat changes can be partially corrected m desoxycorticostcrone 
mamtained adienalcctomited dogs 

F The adrenal cortex and retutanee to etrets An extensive list can bo con 
structed of drugs, poisons, toxins, infections, altered environmental conditions, 
and traumatic procedures to which the adrenalectomiied animal is highly sus 
eeptible Only those which hay e received greatest attention can be discussed 
here 
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1 Drugs, potsoTis and other pharmacological agents Work has centered chiefly 
upon two, morphine (389, 479, 286, 259) and histamme (79, 293, 513, 516, 209, 
369, 326) For both, the toxic dose for adrenalectomized animals is but a frac- 
tion of that required for the mtact ammal The resistance can be readily m- 
creased by the mjection of cortical extract, although it is questionable whether 
complete restoration to the normal is thereby attamed and ■whether the adrenal 
medulla may not also play a part m the loAvered resistance (513, 209), at least to 
histamme 

The simplest explanation for the lowered resistance ivould be that the capacity 
■to destroy or mhctivate the administered drugs was impaired There is e^vidence 
that this may be the case for histamme (369) The capacity of histamme m- 
activation can be restored by cortical e'<tract (368) and, less effectively, by de- 
soxycorticosterone (368, 326) 

If the secretion of the adrenal cortex is specifically mvolved m the mactivation 
of mjected drugs, then it should be possible to enhance the resistance of the 
normal animal by cortical extract treatment Perla and associates (334) did 
find that cortical extract would mcrease the efficacy of a sahne infusion m pre- 
ventmg shock after histamme mjections The couphng of two therapeutic 
measures, either of which imght be useful m treatment of shock, makes the 
results diflacult to mterpret Irradiation of normal dogs ■with carbon arc lamps 
produces a fall m blood pressure Graham (136a) observed that m adrenalec- 
tomized dogs the fall m diastohc pressure averaged 63 per cent Both cortical 
extract and desoxycorticosterone prevented the blood pressure fall m imtreated 
normal and adrenalectomized animals The protective action of the steroid and 
extract was assumed to be due to the effect they exert against the toxic mani- 
festations of histamme smce carbon arc irradiation results m the release of a vaso- 
dilator substance from irradiated tissues 

2 Toxins, anaphylaxis, infections The adrenalectomized animal is highly 
susceptible to but small amounts of diphthena toxm (20, 197), typhoid vaccme 
(457), bacterial mfection (390, 223), foreign cells (335, 336, 337) and foreign 
serum (109, 514) In acute adrenal insufficiency, the capacity to form anti- 
bodies IS decreased (335, 337) although this may be attnbutable to loss of the 
medulla (336) The opsonic index of the adrenalectonuzed rat is reduced (26a) 
Cortical extract ivill restore the resistance to normal (184, 93) Desoxycortico- 
sterone (93), unlike the corticosterones (235), is apparently ineffective against 
typhoid vaccme 

If the adrenal cortex is to be regarded as essential for the unmumty reaction, 
cortical hormone should afford protection to the normal animal agamst infections 
and agamst toxins Evidence on this pomt seems sharply dmded Protection 
against diphthena toxm (527), rmaphylactic shock (512), tuberculosis (346), and 
infections (240, 336a, 496) have been reported m mtact animals and m humans 
On the other hand, an effect agamst mfections or toxins (392, 497), typhoid 
vaccme (142), or agamst anaphylactic shock (86) has also been demed 

3 Changes in environmental temperature Either an appreciable mcrease 
(491) or a decrease (166, 169, 491, 90, 519, 200, 201) m the external temperature 
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Will precipitate a fatal collapse m the adrenalectomited animal ITie phj'slolog 
ical reactions of the subject to cold have been carefully studied (200, 201) and a 
bioassay constructed on the basis of the results (405) The pmnarj deficiency 
IS an inablhtj of the adrenalectomized animal to mcrease its basal heat produc 
tion, attnbuted both to a general muscular asthenia and to a circulatory deli 
aency The body temperature falls rapidly, and death follows Unilaterally 
odrenalectojniied animals also show a decreased tolerance to eiiposure to cold 
(201) Smce ad^eno^Xl^tlcal transplants offer complete protection, a deficiency 
of the adrenal medulla is apparently not mvolved (619) Restoration of the 
resistance to that of the normal animal can be obtained with cortical extract, and 
with aU the cortical hormones, mcludmg desoxycorticosterone (405, 234, 623) 

4 Changes tn envtronmenlal pressure The suggested relation of the adrenal 
cortex to the ability of an animal to become acolimatited to a reduction m baro- 
metnc pressure is based on several pomts of endence Tiret, the adrenaleoto- 
miied animal shows httlo or no capacity for adaptation, so that moderate 
pressure reductions are fatal The power of adaptation can be restored by corti 
cal extract or by the corticosterones (263, 265, 460, 475) Second, the mtact 
nnimal shows a marhed hypertrophy of the adrenals after subjection to lowered 
pressure (460, 476) Third, adaptation is accomjiaDied by a nse m liver gly cogen 
levels and a nse m urinary nitrogen excretion The mcrease m carbohydrate 
stores IS m large part accounted for by the catabolism of endogenous protem 
(94, 253, 206) Fourth, the symptoms observed dunng the post adaptiie stage 
resemble m almost all respects those typical of adrenal insufficiency (460) The 
mterpretation advanced is that the first subjection to lowered pressure moreases 
the demand for the secretion of the adrenal cortex, so that a penod of partial 
adrenal insuffioienoy follows, corrected only when the glands hay's become 
hyperfunotional The eventual failure of the compensatmg mechanism possibly 
comcides with exhaustion of the adrenal cortex, and the development of an acute 
adrenal insuffidenoy 

In the hght of this mterpretation, it would be reasonable to assume that cortical 
extract would have a marked effect in aHowmg the normal animal to survive low 
pressures. Sundstroem and Michaels (460) give evidence m support of this sug 
gestion, but the results of other workore are not so convmcmg Whde cortical 
extract will correct the loss of sodium and chlonde throng the kidney (205) 
its effect m proteotmg life is not marked (206) Hence the ei idence does not y et 
yvarrant the conclusion that the adrenal cortex is the sole or e\en a major 
factor concerned m adaptation to low pressures 

6 Traumatte rnjurtes The clmical picture and the blood chemistry changes 
shown by the animal m adrenal insufficiency are closely sumlar to those which 
characteme shock m the normal animal suggestmg that a common physiological 
deficiency might be iny oh ed (448) Loss of the adrenals does render the animal 
oxceedmgly sensitive to but mmor amounts of trauma (437, 111, 461, 333, 332, 
444, 490, 193, 402) Swmglc and associates showed that none of tlic major 
features of adrenal insufficiency, such as hcmoconcentration and mtemnl fluid 
readjnstmeuts, changes in serum electrolyte concentrations, or the nse m blood 
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urea nitrogen levels, are essential characteristics of the shock-hke circulatory 
collapse which follows trauma m the adrenaJectomized dog (444, 355 ) A 
typical state of adrenal insufficiency has not, therefore, merely been precipitated 
by the experimental procedures ' 

It n as shown earher (449, 448), however, a, that the one most constant symp- 
tom of adrenal insufficiency m the dog was a slowly declmmg blood pressure, b, 
that the artenal pressure started to dechne slowly but progressively from the 
tune mamtenance amounts of cortical extract were vuthdrawn, c, that the 
pressure could not be spontaneously raised to normal once it had fallen, and d, 
that the termmal collapse of the animal was always associated vath extremely 
low blood pressure levels The circulatory failure was attnbuted to a collapse 
of the penpheral circulation 

That the adrenal cortex is concerned m the ability of the normal animal to 
withstand traumatic mjury would seem not unhkely, and has been postulated 
(193, 402) The proof would he m the clear demonstration of a protective 
mfluence of cortical extract against the development of shock m the intact animal 
To date such proof has not been forthcommg 

The use of cortical extract with sahne or plasma transfusions was reported 
beneficial m treatment of toxemic shock followmg mtestmal obstruction (511) 
and the mjection of the contents of a closed mtestmal loop (198) Fme and 
Fuchs and Mark (105) found that while desoxycorticosterone could prevent the 
dechne m plasma volume after mtestmal obstruction, it had no clear effect m 
preventmg shock Selye and associates (401,402) and Weil and co-workers (489) 
likewise reported that desoxycorticosterone was of no value m treatmg shock m 
rats and rabbits followmg mtestmal trauma, but found that cortical extract or 
the corticosterones were useful Helfnch, Cassels and Cole (195) observed that 
the blood pressure dechne followmg mtestmal manipulation was retarded by 
cortical extract therapy 

In the treatment of shock followmg hemorrhage, Helfnch and associates (195) 
reported a favorable effect of cortical extract, but this has been demed by both 
Fine, Iischmann and Frank (104) and Huizenga, Brofmann and Wiggers (206) 
m controlled experiments 

Katz and co-workers (229) and Shleser and Asher (409) presented rather stnk- 
mg evidence that both desoxycorticosterone and cortical extract could prevent 
shock m mtact dogs subjected to an occlusion of the vems of one hmd leg, but 
their results were not confirmed (436) Bourque and associates (27) found that 
while cortical extract was meffective m preventmg shock after venous occlusion, 
it did mcrease the efficacy of a salt infusion 

Koble and CoUip (327) observed a shght protective action of cortical extract 
and desoxycorticosterone against shock mduced by revolvmg rats m a specially 
designed drum No evidence was found for a therapeutic value of either cortical 
extract or desoxycorticosterone agamst shock mduced m the mtact dog by leg 
muscle trauma, or followmg release of tight leg tourniquets, by Swmgle and 
co-workers (436) Lokewise, Ingle (210) obseiwed no difference m the survival 
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of rats subjected to leg oonatnction by tourniquets after treatment with cortical 
extract, desoxi corticosterone or the corticosterones 

Perhaps the best evidence m favor of a beneficial effect of cortical hormones 
on shock is m the case of sev ere bums, where plasma electrolyte changes seem to 
be prevented (604), and the eEBcaCy of a plasma transfusion is moreased (368) 
TFhile considemble work has been done on the use of cortical extract and desoxj - 
corbcosteronc m treatment of shock in the human, the reports are conflictmg 
and the results difficult to assess (22, 222, 231, 24B, 393, 604) It is apparent 
that m very few instances has the degree of protection reported against shock 
been of sufficient magmtude to warrant the conclusion that the stress procedure 
had mduced ciroulatoij failure by reason of a sudden partial adrenal msuffi 
cienoy 

Selye (390, 397) has shoivn a close similarity between the symptoms of adrenal 
msuffioiency and those exhibited bj the mtact animal when subjected to any of 
a wide variety of damagmg agents, i e , the alarm reaction This, and other Imes 
of evidence, mdicates that a jiartial state of adrenal insufficiency may be mvolved 
The basic mechanism ini oh ed is behoved to be an inabihty to inactivate, m a 
normal manner, a histamine-hke matenal released mto the blood after subjection 
to the noxious stimulus Both blood (603) and tissue (369, 370) histamme levels 
are elevated after adrenalectomy, presumably because histamine is inactivated 
less readily in the adrenalectomiied animal (368) 

In a study of the protection afforded by the various cortical steroids against 
circulatory fadure m the adrenalectomiied dog, Swmgle and associates (435, 
462, 243, 331, 356) found a correlation between the abihty to prei ent fatal circu- 
latory collajise and the influence exerted upon carbohydrate metabolism. They 
concluded that the most likely mteipretation is that the jienpheral vascular 
system of the adrenalectomiied animal had become weakened through a failure 
m mtermediary metabolism, so that it was no longer able to mamtam normal 
function in the face of a prolonged stimulation Smeo there is no evidonco of a 
primary failure of tissue metabolism m shocked mtact dogs, it is not surpnsmg 
to find that cortical hormones are without marked effect m ihoreasmg the 
normal resistance to shock. 

On the other hand evidence has been presented that funcbonal deficiencies of 
the heart, the arterioles and the capUlanes may all be mvoliod m the circulatory 
failure of the adrenalectomiied animal suffering front adrenal insufficiencj or 
shocked by traumatic procedures 

G Heart, arterioles and eapiUanes in adrenal rnsuffiamey 1 Heart irregu 
lar heart rh^-thms are more or less frequent m acute adrenal insufficiency Ni 
cholson and Suffer (324) have suggested that they may be attnbuted to the rise 
in serum jiotnssium concentrations Cleghom and associates (54, 65, 110) 
bcheie that a part of the circulator} collajise can be attributed to cardiac failure 
Both cortical o.xtraot and desoxj corticosterone will correct the cardiac nb- 
normahty (65) 

2 Artmoles The evidence m support of an impairment of the functional 
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capacity of the artenoles m the adrenalectomized arnmal is entirely indirect 
H 3 T)ertension cannot be produced in the adrenalectomized animals, even though 
salt IS given (133, 25, 329, 63, 99) The sensitmty to mjected renm is also lost 
shortly after the withdrawing of cortical extract (502, 115, 354), but can be 
restored by either cortical extract or desoxycorticosterone 
Elhott (89) first pomted out that splanchnic stimulation did not evoke a meas- 
urable nse m blood pressure m animals prostrate from adrenal msufficiency 
Likewise, mjected banum chlonde and pitressm exert httle effect (89, 10, 354) 
Adrenahn, however, produces a full pressor response (89, 10) This is true only 
for large doses of adrenahn, and comparable results are obtainable with large 
doses of rerun (354) Coombs (64) and Langsdorf (254) presented evidence that 
there was a decreased sympathetic tone m adrenalectonuzed animals Seeker 
(395) beheved that this loss m tone was due to a decreased production of the 
sympathetic cheimcal mediator, but the evidence upon which this conclusion was 
based has been contradicted (10, 190, 54) Fowler and Cleghom (110) found, m 
acute adrenal insufficiency, no failure of splanchnic constnction and concluded 
that the absence of pressure nse is to be attnbuted to a failure of the heart to 
respond to the mcreased penpheral resistance Whether cardiac failure can 
explam the decreased sensitivity to all pressor agents remains to be shown 
Wyman and turn Suden (518) found that removal of the adrenals changed the 
acute response to lethal doses of adrenahn from a rapid pressure fall, accompamed 
by lung edema, to a slow progressive circulatoiy failure, which might be taken as 
evidence for a failure m the capacity of vasoconstnction Another hne of evi- 
dence imphcatmg the artenoles is denved from a study of the response of the 
adrenalectomized dog to a graded hemorrhage (355) 

3 CaptUanes Considerable evidence, both direct and indirect, mdicates that 
the capillaries of the adrenalectonuzed animal m msufficiency are atomc, dilated, 
and abnormally permeable Such an explanation has been used to explam the 
fact that m adrenal msufficiency, and m experimentally mduced rapid dehydra- 
tion, the blood volume is reduced far lower than nught be expected if there were 
a free transfer of fluid from the mterstial reservoirs (352, 444) A serum trans- 
fusion wiU precipitate a circulatory collapse m the adrenalectonuzed dog, accom- 
panied by an excessive edema (438) Either cortical extract or desoxycorti- 
costerone prevents the edema formation and mamtams life 
Menkm (302) showed that the leakage of trypan blue mto extravascular tissues 
after the mjection of leukotaxm could be reduced by either cortical extract or 
desoxycorticosterone Fme and Fischmann (103) confirmed this finding for 
desoxycorticosterone, but do not beheve a change m capillaiy permeabihty is 
necessarily mvolved Freed and Lmder (113) found that while cortical extract 
and corticosterone would prevent dye leakage after leukotaxm or peptone mjec- 
tions, desoxycorticosterone was without positive effect Menkm (303) has cnti- 
cized this work on the basis of the experimental technique employed Shleser 
and Freed (410) found that cortical extract retarded capillary dye leakage after 
peptone mjections, but the corticosterones were meffective Hechter and 
associates (192) found that desoxycorticosterone acted hke the sex steroids m 
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moreaamg capillary permeability in the uterus, but observ ed no effect in other 
tissues of the body Hechter (191) does not believe that an abnormal morease 
m the permeabflity of the capiDane* of the adrenalectomized anunal can explain 
the lach of resistance to histanune injections 

Cope and associates (66) observed the protein content of the leg lymph to be 
almost doubled after adrenalectomy, which they believe evidence for an moreased 
capillary permeabihty In later expenmenta Cope (66a) finds that foUowmg the 
injection of radioactive colloid mto the blood stream the nse m conoentration of 
radioactivity m peripheral lymph is markedly moreased m dogs m adrenal in 
sufficiency as compared to the same dogs in the normal state After admmistia 
tion of cortical extract there is a change in capillary permeability permittmg the 
retention of plasma protem withm the blood stream. Levm and co-workers 
(261) and Hartman and associates (179) report that the long recogtuied morease 
m plasma protem m the adrenolectomlied animals was due to an increase in the 
^obulm fraction, while the plasma albumm, which is the more permeable frac 
tion, was unchanged or even decreased Levm (260) attributes this to a failuro 
m albumin metabolism 

The adrenalectomixed frog ehoue engorgement of the capillaries with stasis of 
the blood, which can be corrected m some degree with cortical extract (289, 469) 
Smee life cannot bo mamtamed with either cortical extract or salt in these forms, 
there is a question as to whether adrenal insufficiency m the frog is comparable to 
that of the higher forms Zweifach and Chambers (624) found that cortical 
extract would prevent the capillary hyperemia which follows exposure, histanune 
mjections, or mampulations with needles Hymen and Chambers (207) also 
noted an effect m reducing the edema formation m the perfused frog leg 

H Adrenal cortex in lactation Considerable work, which cannot all be 
covered here, has been done on the relation of the adrenal cortex to lactation 
In general, it is agreed that lactation is not mduced m the hypophysectomiied 
animal treated with lactogen unless cortical extract or the corticosterones are 
given (318, 322, 319, 320, 321, 136) Desoxycorticosterone is meffectiie (322) 
Hartman and his colleagues beheve that the adrenal cortex contains a specific 
lactation hormone, corlilactin (420) Otheis beheve that lactation can be 
mfluenced by any agent which improves the general health of the adrenalec 
tormied animal, such as sodium chloride (127, 321) and that normal lactation is 
mduced with large amounts of cortical extract (127, 120, 322) or the cortico- 
sterones (120) 


BOiniART 

Any attempt to prepare a concise summary of the r61e plaj-ed by the adrenal 
cortex in physiological processes on the basis of existmg evidence mvolves graiu 
risk of overslmphfication It is temptmg, howei er, to regard two general func 
tions of the gland as pre-eminent, each regulated by a distinct tj-pe of steroid 
hormone elaborated by the cortex The desoxycorticosterones, i e , those lack 
ing a keto or hydroxy group at Carbon 11 appear to be chiefly concerned with 
the regulation of electroljde and flmd balance, actmg 1, directlj upon the renal 
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tubules to allow them to conserve sodium and water and to release potassium, 

2, m a manner less clearly defined, on fluid and perhaps electrolyte partitionmg 
across cell membranes, capillary endothelium and mtestmal mucosa, and finally, 

3, throu^ their regulation of phases of mmeral metabolism, primarily those 
mvolvmg sodium and potassium, to produce secondary effects upon extra- and 
mtracellular hydration Probably as a corollary of this last effect, the desoxy- 
corticosterones allow the excretion m normal amounts of mtrogenous waste 
products and other metabohtes 

The second established major function of the cortex is concerned with the mter- 
mediaiy metabolism of protem and carbohydrate The oxygenated Cu steroids 
of the corticosterone type are those primarily mvolved m these phases of organic 
metabolism A fault m the energy metabolism of the tissues of adrenalectomized 
animals lead to a (for lack of a more suitable term) general “asthema”, presum- 
ably, although this has not been demonstrated, of all the tissues, organs and organ 
systems, which is reflected m 1, failure of the work capacity of the skeletal mus- 
cle, 2, decrease m certam renal functions (eg , elimination of excess water), 
3, failure of lactation , 4, notably decreased abihty of the vasculature to withstand 
even mmor degrees of stress, 5, mcreased sensitivity of the organism to certam 
drugs and toxins 

It should be emphasized that all known facts of adrenal cortex function do not 
conform to this somewhat arbitrary division of functions of the desoxycorti- 
costerones and corticosterones The physiological activity of the two types of 
adrenal steroids overlap m many mstances The corticosterones are by no means 
entirely devoid of activity m so far as renal function and electrolyte metabolism 
are concerned, nor are the desoxycorticosterones entirely without effect upon 
orgamc metabolism and resistance to stress 

Interpretation of the functional significance of the desoxycorticosterones when 
contrasted with that of the corticosterones is rendered difficult by the fact that 
so much physiological data have been obtained with use of the synthetic desoxy- 
corticosterone, which apparently is not elaborated m significant amounts m the 
gland itself, and which m large doses mduces stnkmg effects which cannot be 
produced by even excessive doses of the most potent natural extracts of the 
cortex Among the twenty-odd steroids which have so far been isolated from 
the cortex, six are defimtely knoTvn to be capable of mamtammg life of adrenalec- 
tormzed animals Of the remamder a few may be weakly active, whereas most 
are devoid of known physiological function However, it is not improbable that 
some members of this surpnsmg array of steroid denvatives of the cortex may 
exhibit synergism when mtennmgled, as m whole gland extract or the natural 
secretion of the gland itself, and produce effects m adrenalectomized animals 
T\hich the isolated steroids are mcapable of mducmg smgly Moreover, before 
the r61e of the adrenal cortex m physiological processes can be fully elucidated, 
much more needs to be known regardmg the chemical nature and physiological 
activity of the amorphous fraction remaimng after separation of the known 
cortical steroids from extract concentrates While the amorphous fraction is 
knomi to exert stnkmg effects upon certam aspects of renal function and to be 
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very potent in bo far as life mamtenanee is concerned, little else is known con 
ceming it. 
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LIPOTROPIC FACTORS 


E W McHENRY and JEAN M PATTERSON 
School of Hygiene, Umverstly of Toronto 

The term “hpotropic” •was first used m 1936 by Best, Huntsman and Ridout 
(1) to descnbe the action of chohne m the prevention and cure of fatty hvers 
For the purpose of this review a hpotropic factor is defined as a substance which 
prevents or removes an accumulation of excess fat m the bver Three such 
factors will be considered (I) chohne, betame and other related compounds, 
and chohne precursors such as methionme, (11) hpocaic, the name used by 
Dragstedt to descnbe material extracted from pancreas, and (III) mositol 

I Choline, choune precursors and related compounds The discovery 
of the hpotropic action of chohne was denved from studies on the production and 
prevention of fatty hvers m depancreatized dogs mamtamed ivith insulm In 
1924 Fisher (2) reported the production of fatty hvers m such animals and a simi- 
lar observation was made simultaneously and mdependently by Allan, Bowie, 
Macleod and Robinson (3) Hershey (4), workmg m the laboratory of J J R 
Macleod, reported that lecithm could be substituted for raw pancreas as a pre- 
ventive measure against fatty hvers m the diets of the dogs More extended 
observations on the effects of lecithm were provided by Hershey and Soskm (6), 
and Best, Hershey and Huntsman (6) showed that chohne could replace lecithm 
m the experimental diet 

It IS mterestmg to consider the reason advanced by Hershey (4) for the attempt 
to use lecithm m places of pancreas The latter had been mcorporated m the 
diet of depancreatized dogs because it was assumed that the removal of the 
pancreas had caused a deficiency of digestive enzymes which would mterfere 
vuth the absorption of foodstuffs Hershey reasoned that the development of 
fatty hvers did not result from any disturbance m digestion, but was caused by 
a derangement of fat metabolism m the hver Revertmg to the theory advanced 
by Leathes and Raper (7) that phosphohpids were mvolved m fat transport from 
the hver, Hershey decided to feed a phosphohpid to the depancreatized animals 
to supply an essential factor for fat metabohsm and transport This explanation 
was clearly given m Hershey’s first report (4) and it is desirable to pomt out the 
soundness of his reasomng, the correctness of his hypothesis has been amply 
verified 

In a recent paper Engel (8) has stated that the first observation on the hpo- 
tropic action of cholme was made b}’’ Junkersdorf and Kohl (9) some years pren- 
ous to the work of Hershey Careful readmg of the paper published by these 
mvestigators has failed to show any reason for concludmg that this is the first 
report on the hpotropic action of chohne Junkersdorf and Kohl studied, 
particularly, the effects of epmephrme and an epmephnne antagonist, chohne, 
upon the amount of glycogen m the hver Fat determinations were made but 
were meagre and inconclusive The entire emphasis v as upon the pharmacologic 
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effects of epmephnue and choline The investigations of Herehey and the sub- 
sequent ones by Best and collaborators were approached from an entirely dif- 
ferent viewpoint, one nhich is consonant with all subsequent work on the hpo- 
tropism of choline 

The production of fatty hvers m dcpancreatircd dogs requuos a great deal of 
tune and is expensive, the number of observations which may be made is hmited 
To overcome these difficulties. Best, Heishey and Huntsman (6) used normal rats 
m which fattj livers were produced by feeding a diet high m saturated fats 
They found that the mclusion of lecithin m the diet prevented the accumulabon 
of fat m the hv er In the light of more recent expenments it might bo considered 
odd that fattj hvers were actually secured m the early w ork The basal diet, 
consisting of wheat oats, com meal, beef fat and bone-meal, had a chohne content 
of about 100 mgm per cent Assuming that the animals ate 10 grams of this 
diet per day, they thus received 10 mgm of choline, an amount sufficient to 
prevent fatty hvers of the thiamin type It would seem possible that the grain 
m this diet supphed an assortment of the B vitamiiis which would cause the 
production of a fatty hver somewhat resistant to the action of chohne, but which 
could be prevented by large amounts of chohne, supphed m lecithm, plus mositol, 
furnished by the gram 

FoUowmg the demhnstrations that lecithin would prevent fatty hvers in de- 
pancreatued dogs and m normal rats. Best, Herehey and Huntsman (10) studied 
the effects of components of lecithin Sodium olcatc, sodium glycerophosphate 
and ethanolamme were found to be without effect, chohne was defimtely hpo- 
tropio It was also reported that betaine was active The field was thus opened 
for the subsequent extensive mvestigations on chohne and other hpotropic 
factors 

In the eight yeare foUowmg the imtial paper on the Iipotropism of chohne Best 
and associates studied a number of aspeots of the problem and sunilar w ork was 
begun m other laboratoncs After collaborativo work m Toronto, Channon 
began similar mvestigations m Liverpool The prmapal developments will be 
summanied bnefly and some of them considered m detail presently As m the 
case of rats, mice were found to dev elop fatty hvers which could be prevented by 
choline (Best, Huntsman and Bolandt, 11) Because the basal diets originally 
used contamed large amounts of chohne, it was recognued that diets should be 
planned to eontain as httle chohne as possible (Best and Channon, 12) The 
fatty livers produced by the mgestion of cholesterol were studied and it was found 
that large doses of chohne w ere necessarj to prevent such fatty hvers (Beat, 
Channon and Ridout 13 Channon and Wilkinson, 14, Avlward, Channon and 
Wilkinson, 16, Best and Ridout, 10) Chohne had no marked effect in pre- 
ventmg the accumulation of cholcsteryl esters m the livers, it did prevent an 
accumulation of gljcendes and,m curative experiments, caused a rapid decrease 
m {dyccrides and a slower diminution of cholesterjl esters In the hvers made 
fatty by feeding high-fat diets or in those caused by the mclusion of cholesterol 
in the diet, the pnncipal effect of cholme appeared to be on the glycende fraction 
Choline did not inhibit the deposition of fat m the hv era when rats were poisoned 
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mth phosphorus, but did accelerate the removal of fat from the liver durmg a 
recovery penod, similar observations were made m rats treated with carbon 
tetrachlonde (Best, MacLean and Ridout, 17, Barrett, Best and Ridout, 18, 
Barrett, Best, MacLean and Ridout, 19) While most of the results were ob- 
tamed with high-fat diets it was noted that high-cal'bohydrate diets caused fatty 
hvers vhen fed without chohne (Best and Huntsman, 20) The 'deposition of 
hver fat was found to be affected by the amount of casern m the diet (Channon 
and WiUanson, 21, Best, Huntsman and Ridout, 1, Beeston, Channon and 
Wilkmson, 22 , Best, Grant and Ridout, 23) Other proteins, such as gelatm and 

defatted beef muscle, were found to be much less hpotropic This protem effect 
was largely explamed by Tucker and Eckstem (24), who showed that methionme 
was hpotropic and the action of methionme was made clear by the demonstration 
by du Vigneaud and associates (25) that this ammo acid provided methyl groups 
for the synthesis of cholme tn mvo Compounds related to cholme were studied 
(Best and Huntsman, 26 , Channon and Smith, 27) Betame and tnethylcholme, 
among others, were found to be hpotropic Griffith and associates (28) contnb- 
uted important observations on renal damage and on degenerative changes m 
other tissues, produced m rats fed a diet free of cholme, or of cholme precursors 
Further information on the synthesis of chohne, mdicatmg the importance of 
ethanolamme, was provided by Stetten (29) The nature of the mechanism by 
which cholme exerts its hpotropic effect was mdicated by Welch (30) and by 
Peilman and Chaikoff (31) McHenry and associates (32), Engel (8), Forbes 
(33) and others have mvestigated the relation of the B vitamins to the production 
of fatty hvers Two other hpotropic factors, hpocaic and mositol, have been 
descnbed Developing from the mitial iv ork on diabetic animals there was, thus, 

a rapid extension of the investigations on hpotropic factors The results have 
provided a new approach to the study of fat metabolism and have given new 
significance to several dietary constituents A more detailed consideration of 
some aspects of the mvestigations inll now be discussed 

1 The action of chohne on various types of folly livers In the mitial studies on 
the action of chohne m rats, fatty hvers nere produced by feedmg a diet nch m 
fat The mvestigations were quickly broadened to mclude work on the effects 
of cholme on fatty liieis produced by feedmg cholesterol, by toxic substances, 
and by other means 

a ‘'Cholesterol” fatty livers Observations cited by several early workers 
(34-38) showed that the hver lipids can be changed m nature or m amount by 
the addition of cholesterol per se or of food substances nch m cholesterol to the 
diet of experimental animals A more recent study was made in 1931 by Kimura 
(39) who noted that fat accumulated m the hvers of rats which were fed choles- 
terol Preliminary reports by Blatherwick and associates (40-42) presented 
evidence which showed that the mgestion of dned whole hver, raw hver, or 
cooked whole eggs caused fatty hvers m rats The fatty hver thus produced was 
resistant to the hpotropic action of lecithm In later work, Blatherwick et al 
(43) suggested that one substance, present m these dietary supplements and 
partially responsible for the observed deposition of fat, might be cholesterol, 
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although they felt that another factor was present This explanation, in so far 
aa cholesterol was concerned, was accepted by Beeston and Wilkinson (44) 
Okey (46, 46) m 1933 reported that when cholesterol was fed to white rats as 1 
per cent of the diet there was a marked mcrease m hver fattj acids and m choles- 
teiyl esters but not in free cholesterol That the concentration of free cholesterol 
in the hver did mcrease if cholesterol feedmg were contmued for as long as three 
weeks was shown by Chanutm and Ludcwig (47) 

This type of fatty hver, charactensed by a high content of cholesteryl esters, 
has been referred to by Channon and Best as the cholesterol” fatty hver to 
distinguish it from the "fat” fatty hver produced by feedmg high fat diets It 
was reported by Best and Ridout (10, 48) that the cholesterol tjTie of fatty hver 
could bo partially but not completely prevented by a quantity of cholme sufficient 
to control the fatty changes produced by the high fat diet alone Excessively 
large quantities of ohohne did, however, exert a clearly marked mOuence on the 
hver fat In a later paper Best, Channon and Ridout (13) stated that while 
cholme will prevent the accumulation of neutral fat it has no effect on the free 
sterol and prevents only 00 per cent of the marked nse in cholesteiyl ester which 
results from cholesterol feedmg Similar observations, which confirm these 
findings, were made m the same year by Charmon and Wilkmson (14) The 
importance of the duration of the test period was indicated by the work of Best 
and Ridout (49), which showed that while cholme caused no change m the 
cholesteryl esters during a twelve-day penod it had caused a significant drop m 
the cholesteryl esters by the forty first day 
Aylward, Chann on and Wilkinaon (16) found that the phosphohpid content of 
the hver decreases for seven hours after a meal conlammg fat and cholesterol 
This decrease could be prevented by the administration of choline They sug- 
gested that either cholme prevented the partial disappearance of liver phospho- 
lipid or its presence in the diet permitted the formation of new phosphohpid to 
replace that which had disappeared Further and more extensive ohservations 
that the mgestion of cholesterol decreased the hver content of newly formed 
phosphohpid even before the hver was fatty and that cholme stimulated the 
depressed phosphohpid metabolism found under these conditions, were made in 
1939 hy Perhnmi and Chaikoff (60, 61) Several workers (21, 22, 62, 53) showed 
that protem exerted a hpotropio action on the glyceride fraction of the liver of 
rata fed cholesterol It has been pointed out by Best and Channon (12) that 
the ease of removal and the degree of prevention of hver glycende deposition m 
"cholesterol” fatty hvors depends in part on the iratial gljccndo level Best 
and Ridout (16) have observed that o, cholme causes a rapid decrease m glj- 
condo and a slower fall m cholestorj 1 esters, and b, that larger doses of cholme 
are necessary to affect the cholesterj 1 esters than to reduce the glycende fraction 
They conclude, therefore, that the pnmary effect of cholme is upon the glj eende 
fraction, although the possibility tlmt cholme affects both cholesteryl esters and 
glyccndcs directly cannot bo eliminated in vuew of the fact that cholesterj 1 esters 
can be diminished while a large amount of gljcendes is still present Experi- 
ments by Channon and tVilkinson (14) and Lolndes (64) have shown that the 
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cholesteryl ester content of the hver is increased by increasing the percentage of 
fat m the diet The cholesterol fatty liver contains more glycende than the “fat” 
fatty hver at anj*^ given level of dietary fat 
The work ■nhich has been renewed above showed that cholme, if given m large 
quantities, prevented an mcrease in simple glycendes m the hvers of animals to 
which cholesterol was fed but had comparatively httle effect upon the cholesterol 
content Subsequent mvestigations have mdicated that two other hpotropic 
agents, hpocaic and mositol, defimtely prevent an mcrease m hver cholesterol 
These will be discussed m later sections 
h Fatly liver of starvation Dunng starvation, fat mobihzed from the body 
depots accumulates m the hver (18) A paper on the pharmacological action of 
cholme in starvation, by Junkeredorf and Kohl (9), mdirectly called attention to 
an, observation that the fatty infiltration of the hver which occurred on the 
eleventh day of starvation m dogs receded followmg cholme administration 
However, the data regardmg fat contents were not sufficiently convincmg as to 
warrant a conclusion that chohne w ould prevent the fatty liver of starvation m 
dogs Best (55) reported that cholme administered to rats during a starvation 
penod had httle effect on the level of hver fat However, the hpotropic activity 
of chohne was clearly demonstrated if it was admmistered previous to and dunng 
the penod of starvation Best and Ridout (56) pomted out that the rat is not 
a smtable ammal for the production of fatty hvers by stan^ation smce only adult 
female rata are so affected Cholme does not prevent the fatty hver caused by 
starvation m the mouse, rabbit or gumea pig Deuel et al (67) mvestigated the 
excretion of ketone bodies m the urme of rats previously fed a high fat diet with 
and without cholme and the effect of cholme administration to such animals 
dunng subsequent fastmg They found that cholme added to a high fat diet 
controlled the hver fat (4 27 per cent) and that, dunng a subsequent penod of 
fastmg, hver fat mcreased (7 83 per cent) The administration of chohne dunng 
fastmg kept the fat at a m inim um value and decreased ketonuna It was con- 
^ eluded that cholme does not mcrease the rate of fat oxidation, if ketonuna dunng 
fastmg IS an mdication of such oxidation 
c Fatty hver produced by toxic substances The exqienmental data presented 
by Beat, MacLean and Ridout (17) showed that chohne inhibited neither the 
deposition of fat nor the production of degenerative changes m the hvers of rats 
following the mjection of large amounts of phosphorus Cholme did, however, 
mcrease the rate of disappearance of fat from the hver dunng the recover}'- phase 
This latter observation was made also m 1936 by Laszt and Verzar (58) Laige 
doses of cholme prevented the accumulation of fat m the hver m rats poisoned 
■with carbon tetrachlonde, small doses were without effect (19) In mvestiga- 
tions -with carbon tetrachlonde Barrett, Best and Ridout (18) showed by the use 
of deutenum that the mcrease of hver fat was due to a withdrawal of fat from 
the depots 

In connection with prevention of fatty hvers by toxic agents it should be noted 
that Sato (59) reported m 1926 that the admmistration of an extract of hver 
lowered mortahty m rabbits treated -with chloroform Subsequently Forbes, 
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Tv pulp and Scherer (00) studied the preparation and value of a h\-er extract for 
the prevention of necrosis in the hvers of rats poisoned with carbon letrachlonde 
xapor The active coastituent of the Ii\er extract was claimed bj Neale (01) 
to bo xanthine Confirmation of the results with hver extract and with xanthine 
aas provided by Barrett, MacLean and McHenry (02) These workers dem- 
onstrated that xanthme protected the hver against necrosis and also accelerated 
healing followmg exposure of the animals to the toxic substances Later, Forbes 
(03) pointed out that, while xanthine was effective, there appeared to be present 
m the particular liver fraction used by him an umdontified protective agent m 
addition to xanthme 

d Fatty livers produced by anterior pUiatary extract In 1930 and m 1938 Best 
and associates (18, 04, 05) studied the effects of "ketogemc” fractions of antenor 
pitmtary extracts in causmg a marked increase m hver fat at the expense of body 
fat. It was found that choline did not prevent the fatty hvers but hastened the 
removal of fat m the recov ery phase MacKay and Barnes (00) also reported 
that the fatty hver produced m rats by this means was not affected by the 
ndmmiatration of chohne, although chohne reduced the accompanymg keton- 
una The meffectiveness of chohne as a lipotropic substance under these 
conditions was confirmed m rabbits by Mukerji and Guha (07) Experiments 
reported by several workers in Dragstedt's laboratory (08) showed that lipocaic 
would prevent the fattj In or produced bj the administration of antenor pituitary 
extract This finding is contrary to that made previously by MacKay and 
Barnes (00) Diagstcdt and his ooUaborators were of the opmion that the 
quantities of pancreatic extract used by MacKay and Barnes could not have 
been expected to exert definite actndtv In view of the meffectiveness of chohne 
the reports regardmg hpocaic are mteresting and this effect of hpocaio deserves 
further mvcstigation This would be particularlj valuable smee the mechanism 
of production of fatty Uv ere bj anterior pituitaiy extracts resembles the processes 
mvolved In the production of fatty livere by starvation and by certiun toxic 
agents In all these cases the increase m liver fat is made possible by a with- 
drawal of hpids from depot stores It w ould be most useful to ascertain whether 
hpocaic will prevent such withdrawals, especiallj smee choline docs not 

e Dietary cirrhosis of the liver Connor (09) considered fattj infiltration of the 
liver a prerequisite of liver cirrhosis and it has been noted by GyOrgy and Gold- 
blatt (70) that conditions which produce fattj hvers m short term expenments 
lead to cirrhosis m expenments of longer duration Similar deductions wore 
made by Webster (71), Biumberg and McCollum (72) and by Sebrell et al 
(73,74) 

In 1939 GyOrgy and Goldblatt (76) reported that liver mjurj, m the form of 
acute diffuse necrosis combmed with fat mfiltration, could be produced somewhat 
irrcgularlj in young rats on n diet composed of casem 18 per cent, sucrose 08 per 
cent, melted butter fat 8 per cent, cod hvxr oil 2 per cent, salt mixture 4 per cent 
supplemented with thiamin, riboflavm and pyndoxmc Diets contammgmoro 
fat (60 and 70 per cent) and less protem (casein 10 per cent) had prev iously been 
shown to produce cirrhosis of the hver m a scries of expenments bj Biumberg 
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and associates (72, 76, 77) Gydrgy and Goldblatt later (70) demonstrated that 
cirrhosis could be produced mvanably when the casern content of the diet 
formerly used (75) was reduced to 10 per cent These authors therefore con- 
sidered that the dietary prevention of hver cirrhosis is related to the hpotropic 
action of casern The mcidence and seventy of the hver mjury were reduced 
but not completely prevented by a daily supplement of 10 to 20 mgm choline 
per rat Cj^me, m doses of 10 to 50 mgm daily, was shown to accentuate the 
cirrhosis while chohne or yeast mhibited its production The mjunous effect 
of cystme on hver tissue had been reported bj’’ Curtis and Newburgh m 1927 (78) 
and at a later date by Earle and Victor (79) These authors (80) drew attention 
to the fact that the hver lesions were proportional to the level of cystme m the 
diet rather than to the total amount mgested and that chohne prevented the 
effects of small doses of C3^me but not of large ones Chohne in combmation 
with cystme was reported by GySrgy and Goldblatt (70) to be more effective than 
chohne alone m reducmg the mcidence and seventy of hver damage Methi- 
onme also prevented cirrhosis This action of chohne alone or m combmation 
with methionme or cystme was mentioned m the report of Blumberg and Mc- 
Collum descnbmg experiments m which a high-fat diet low m chohne and other 
hpotropic factors (72) was used 

Daft, Sebrell and LiUie (74) produced cirrhosis of the hver m rats when only a 
small quantity of cystme (0 5 per cent) was added to a diet low m both fat and 
protem Chohne, methionme and casern either singly or m combmation pre- 
vented the development of cirrhosis In a later paper (81) they showed that 
chohne and methiomne exert a preventne action on li\ er cirrhosis while cystine 
and methiomne have a preventive action on hepatic hemorrhage and necrosis 
This findmg suggested to the authors that cirrhosis is an entity separate and 
distmct from hemorrhage and necrosis and there is thus offered an explanation 
for the observation made by the previous ■workers that chohne and cjstine m 
combmation were more effectix e in reducmg hvei damage than either alone 

Fonts (82) has descnbed recently the production m dogs of a sjmdrome con- 
sistmg of anorexia, loss of weight, anemia, skin and peptic ulcers, and fatty 
cirrhotic hvers These conditions developed v hen the animals v ere mamtamed 
for some months on a low-protein ration with thiamin, nicotmic acid, nboflavm, 
pyndoxme and pantothenic acid Provided that both pjndoxme and panto- 
theme acid were given, a high-protem diet appeared to protect the dogs Fonts 
stated that small doses of chohne (10 to 20 mgm per kilo) were meffective, that 
larger doses (100 mgm per kilo) were partially effectn e, and that inositol exerted 
no beneficial effect Partial improvement was secured with large amounts of 
chohne, a powdered hver extract or a “filtrate factor” prepared from nee bran 
e-xtract After administration of large amounts of chohne and pow dered hver 
extract, deficiency signs cleared up rapidly, although hepatic fibrosis was still 
marked The amount of mositol used by Fonts appeared to be too small to 
produce an effect and the same comment could be made about the dosage of 
cholme It would be mterestmg to tiy the effects of hpocaic m experiments of 
this kmd 



LIPOTROPIC FACTORS 


135 


Thu portanl review of the hterature on dietary production and prevention of 
hver cirrhosis in expeninental animals mdicates that this condition is caused bi 
or at least results from, the use of experimental diets which have been shown to 
^ cause fatty hvers m rats A diet Ion m protem, methiomne, or chohno faiors 
the development of cirrhosis Opinions have vaned to some extent mth regard 
to the value of chohne but, on the nhole, it seems to have been beneficial when 
giv en m adequate amounts If the type of cirrhosis produced by dietarj means 
in neimnlB 13 the result of the mamtenance of a high level of hver fat for an ex- 
tended period, another useful approach could be made by the production of 
“biotm” or "cholesterol" fattj hvera While the results secured m animals have 
been valuable there has, as yet been no proof that any cirrhosis m humans is a 
consequence of distortions of the diet 

2 Rdaiion of Ihtamtn and other B mlamtnt to the production of fatly Iwers and 
to the action of ekaltne In 1035 McHenry (83) reported that there appeared to 
be a Complementary effect exerted by thiamm and cholme upon the body weight 
of y oung rats Animals fed a diet deficient m both choline and thiamm faded 
to mcrease in weight after an initial penod of two weeks Either chohne or 
thiamm as a smgle supplement failed to give a sustamed increase m weight but 
this was accomplished when the two supplements were given jomtly In a con- 
tmuation of this work McHenrj (84) found that rata would not develop acutelj 
fattj hvers on a low-cholme diet unless thiamm was pronded At levels of fat 
mtake from lero to 68 per cent of the diet thiamm had a marked effect on the 
amount of hver fat Tto was true m expenmenta m which isocalonc feeding 
was used, the effect of thiaimn was more extensive than sunplj an mcrease m 
appetite Smoe the body fat was increased at the same time as was the hvar fat 
the production of fatty livers was not duo to vnthdrawal of fat from the depots 
It was also stated that thiamm caused a marked mcrease m both hver and bodv 
fat m animals fed a fat-free high-carbohydrate ration In this case the vntnmm 
seemed to promote synthesis of fat from carbohydrate, a conclusion w hich was 
m agreement with a report bj AVhipple and Church (85) The effect of thiamm 
m mcreaamg fat by causmg sjmthesis from carbohj drate can be appreciated but 
no adequate explanation has been offered of the action of the vitaram m produemg 
fatty livers when a diet rich m fat was fed Confirmation of this action of thi- 
amm was furnished by Best and Ridout m 1938 (50) 

It was also shown bj McHenry (80) that the amounts of thiamm, chohne and 
fnt m the diet jomtlj affect the bodv weight of young rats If the ration is 
deficient m thiamm, the inclusion of more than 26 per cent fat prev ents a sonous 
loss m weight The effect of fnt Is augmented by adding chohne to the diet and 
in this case an optimal effect is secured when the diet contains adequate amounts 
of chohne and about 40 per cent fat When thiamm is supphed without chohne 
optimal weight increases are obtamed when the dietary fat ranges between 10 
and 26 per cent The observations on the effect of fnt when mcluded in a 
thiamm-dcficient diet are, of course, similar to those made previously by Evans 
and Lepkov sky (87) and confirmed in other laboratories smee 

In a senes of reports on the effects of the B vitamins upon fat svnthesis. 
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McHenrj'^ and Gavin (88) found that the amount of fat synthesis is augmented by 
supplymg other B Tutamms Tvith thiamm, although no synthesis v’as observed m 
the absence of thiamm Eiboflavm and nee polish concentrate were shown to 
have an augmentary effect Halhday (89) reported that a deficiency of pyn- 
doxme caused an mcrease m hver fat, an mcrease only partially controlled by 
cholme but pre\ented by a hver extract used as a source of pyndoxme Gavm 
and McHenry (90) reported that psmdoxme had no effect m lowermg hver fat, 
these workers used pure p 3 rndoxme and it is possible that the hver extract em- 
ployed by Halhday contamed large amounts of cholme In 1940 McHenry and 
Gavm (91) found that the administration of an extract of beef hver to rats, 
mamtamed on a fat-free diet, caused acutely fatty hvers contammg large amounts 
of cholesterol, provided that thiamm, nboflavm, p 3 Tidoxnne and pantothemc 
acid vere also supphed Later they shoved (92) that biotm, given in place of 
the hver fraction, had a surnlar effect and this tj^pe of fatty hver was referred to 
as the “biotm” fatty hver This t 3 Tje is defimtel}'^ resistant to the action of 
cholme but can be prevented by hpocaic or by mositol The “biotm” fatty hver 
is not, of course, the first one encountered m experimental work v hich has been 
shown to be resistant to cholme It can hardly be said that fatty hvere produced 
bj-^ feedmg cholesterol are readily susceptible to prevention by cholme, nor are 
those fatty hvers resultmg from a withdrawal of fat from body depots, caused by 
starv'ation, by an antenor pituitary extract, or by a toxic agent How'ever, the 
observations on the “biotm” fatty hver were of value because they clearly mdi- 
cated that all fatty hvers produced by dietary means were not only dissimilar in 
genesis but also m response to hpotropic agents and probably m hpid composition 
as well The effects of dietary constituents m altermg the response of vanous 
fatty hvers to hpotropic agents was further emphasized bj' the work of Engel 
(8) and of GaTon, Patterson and McHenTj”^ (93) In both cases it was shown that 
the administration of pantothemc acid and of pjmdoxine altered the fattj" hvers 
so that they were somew hat resistant to the action of cholme A different result 
was obtamed by Forbes (94) , m this case nicotimc acid w'as found to mcrease the 
amoimt of cholesterol in the hvers 

Observations on the effect of thiamm upon the pioduction of fatty hvers have 
been cnticized by Griffith and Mulford (95) and b 3 " Handler and Bemheim (96) 
The first group was concerned, primarily, wnth effects of diet upon kidney lesions 
To determme whether thiamm, and other B mtamins, had any mfluence upon 
the renal damage, the vitamins were added as supplements to a basal diet w'hich 
contamed 6 per cent 3 'east It would hardly be expected that the extra supply 
of vitamms would have any effect, under such circumstances, and none w as found 
This IS qmte different from the results reported by McHenry, who studied the 
effects of thiamm deficiency Gnffith and Mulford found that a restnction m 
food mtake to an amount about two-thirds of that consumed ad hbitum pro- 
tected rats from renal damage From this result they drew the mterpretation 
that thiamm influenced the production of fatty hvers b 3 ' mcreasmg food consump- 
tion or growth It should be made clear, however, that McHenr 3 '’ described 
experiments m which isocalonc feedmg w'as emplo 3 ed and m which thiamm had 
a defimte effect upon hver fat 
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The expcnmental data of Handler and Bemhenn are m substantial agreement 
with those of McHenry, and of McHenry and Gavm Deficiencies of thiamin 
and of other B vitainins tended to prervent mcreases in liver fat of animals fed a 
chohne-deficient diet Handler and Bernheim studied the effects of vanous diets 
upon the rate of regeneration of Irvfcr tissue and upon the amount of hver fat in 
partially hepatectomiied rata Thiamin deficiency did not mterfere with hver 
regeneration To one group of 6 animals, which were chohne-deficient, very 
large amounts of nicotinarmde were given As the authors had previouslj re- 
ported, the mclusion of 2 per cent mcotinamide m the diet caused a marked loss 
m body weight The liver weights of imopemted rats and of partially bepatec- 
tomlsed rats were m fair agreement at the end of the experiment, but were not 
fatty despite the absence of chohne from the diet It was concluded that 
nicotmamide had not mterfered with hver regeneration but if the data are exnm- 
med it 18 clearly evident that the mcotinanude had so affected the liver as to 
cause a serious reduction m weight from that found in a comparable group with- 
out mcotinamide Griffith and Mulford found that physiologicaily-siied doses 
of mcotimo add had no appreciable affect upon hver fat and it may be suggested 
that the large doses of nieotmaimde used bj Handler and Bernheun had produced 
a toMo effect which had reduced the sue and the fat content of the hver Hand- 
ler and Bemhenn drew the following conclusion with regard to the effects of B 
vitamins "It is suggested that the development of fatty hvers m chohne defi- 
ciency can proceed only when all other dietary factors will permit the growth of 
the whole rat rather than merely growth of the hver The effect of deficiencies of 
members of the ntamm B complex m preventmg the appearance of fatty livers 
due to choline defiaency Is the result of an impairment of the over all metabolism 
of the rat rather than some specific defect m the metabolism of the hver ” Smee 
this conclusion is based, largely, upon the claim of complete regeneration of the 
liver in partinllj hepatectomised rats fed large amounts of nicotmamide, and 
smee the data do not support this inference, it seems wise to conclude that it has 
not yet been proien that thlamm defidenoy does not cause a defect m hver 
metabolism It may be said, however, that thiamm deficiency does inhibit the 
production of fatty hvers and this is due to an alteration m those metabolic 
processes in which thiamm exerts tm effect 

3 Lipotroptc efftd o/ proleira and ammo aadt The first observation that 
protem influences the level of liver fat was mdirectly made in 103S by Best and 
Hunt sm a n (20) In an attempt to repeat the work of Rosenfeld (97) on the 
curative effect of sucrose on fatty livers, rats m which fatty hvers had dev eloped 
were transferred to a diet of pure sucrose an 8 per cent increase m hver fat 
resulted This increase did not take place if the sucrose diet contamed 20 per 
cent casern At the time of this observation they were not certam whether this 
effect was due to the fraction of a milligram of chohne which the diet provuded 
or to a contaminant m the casern or whether casern provided, by its metabolism, 
betames m effective amount 

While this work provuded the first observation of the lipotropic activity of 
protem, Charmon and Wilkinson (21), sue months later, were the first to attach 
significance to the phenomenon Kspenments designed to study the effect of 
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vanous levels of dietary protein on hver fat show ed that the degree of fat infil- 
tration increased from 5 6 to 12 5 per cent as the casein content of the diet was 
decreased from 50 to 5 per cent The suggestion Avas made that certam ammo 
acids might be converted into chohne or betame m the tissues Previous to this, 
Rosenfeld (98) had postulated that chohne might be denved from glycine and 
as eailj’’ as 1909 Engeland (99) proposed that betames might arise in the tissues 
by the methylation of ammo acids In 1935, Best and Channon (12) further 
supported the supposition that some constituent of protem controls hver fat 

Beeston, Channon and Wilkinson (22) extended their work to mclude the 
mfluence of casern on the vanous fractions of hver fat It w as observed that an 
mcrease in dietary casein from 5 to 30 per cent resulted m a progressive decrease 
m the amount of hver glycende and an mcrease m the amount of lecithm and 
cholesteiyl oleate m the fattj’’ hver produced by feedmg cholesterol These 
results suggested that the hpotropic effect of dietaiy protem should be differenti- 
ated from that of chohne In curative experiments Best and Ridout (53) 
reported that 50 per cent casern reduced cholesteryl esters to normal m rats w hich 
had received daily doses of 18 mgm of cholesterol In preventive experunents, 
Beeston et al (22) were unable to demonstrate a hpotropic effect of casein on 
cholesteiyl esters produced bj-- the feedmg of larger quantities (2 per cent of the 
diet) of cholesterol The st rikin g difference m the quantity of cholesterol used 
m these experiments may account for such conflictmg results 

Casern was shown to exert a maximum hpotropic effect w'hen it formed 30 per 
cent of a diet contammg 40 per cent fat One gram of casein was eqmvalent to 
6 to 8 mgm chohne m its preventi\ e action on hver fat (23, 100) The chohne 
equivalent of casern w as said to be greater m a fat diet than m a sucrose diet 

In an mvestigation of the effects of a number of ammo acids, Beeston and 
Channon (101) added as httle as 0 2 pier cent cystme to a diet contammg 5 per 
cent casern and 40 per cent fat and found that the quantity of hver fat w'as 
doubled The anti-hpotropic effect of cystme could be offset by the mclusion of 
30 per cent casern This prehmmary study failed to reveal an ammo acid with 
hpotropic activity but it was shown that lysme, glutamic acid, aspartic acid, 
serme, glycme and phenjlalanme had no effect either m mcreasmg or m decreas- 
ing the fat m the hver Beeston and Platt (102, 103) found that alanme, argmme 
aspartic acid, histidme, hj droxjqirolme, leucme, lysme, prohne and vahne w ere 
mactive, tjTosme showed slight hpotropic activity Smgal and Eckstein (104) 
confirmed the obseiwation that dl-leucine and dl-vahne were without effect on 
hver fat They also reported that djenkohc acid and dl-isoleucme were hpo- 
tropicaUy mactive 

In the year following the work of Beeston and Channon (101) on cj-stme. 
Tucker and Eckstem (24) confirmed the effect of cystme and were the first to 
report that methionme was hpotropic In the light of this observation, it was 
suggested that the lower lipid values obtamed by Channon and Wilkinson (21), 
when the diet contamed 30 per cent casern, might be ascnbed to the methiomne 
content of the protem and that the two sulfur-contammg ammo acids exert 
opposite effects on liver fat 
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The hpotropic effect of methiorune wns confirmed by Chonnon, Manifold and 
Platt (62) on both the glyceride and cholesterol fractions of Uver fat The lipo- 
tropic activity of methionine was calculated to be l/12th that of chohne, a 
figure which was later rensed to 1 /6th (106) Best and Ridout (106) also con- 
firmed the hpotropic action of methionine and could find no difference betnecn 
the activity of the d and 1 isomers in rats Similar results ii ere secured bj Smgal 
and Eclistem (107) m mice on low-protem, high-fat diets The latter workers 
proi ed conclusively that cyateme and homocystme, like cystme, mcrease h\ er 
fat Thej also showed that arachm, a protem of low methionme content, did 
not possess hpotropic activity The low methionine content of gelatm may 
explam the lack of hpotropic effect of this protem, mentioned earlier by Best and 
Ridout (23) 

Channon and collaborators (108) reported on the hpotropic activity of a senes 
of proteins and listed them m the following order of decreasmg mtensity gromax 
and whale muscle protem, caselnogen, albumm, beef muscle protein and edestin, 
fibtm and ghadm, gelatm and icm In contrast to the results of Best and 
Ridout (23) they found that gelatm possessed shght but demonstrable lipotropic 
activity In reference to this work Tucker and Eckstem (109) pomted out that, 
in general, the hpotropic activity of the above mentioned proteins paralleled 
their methiomne content as deternuned by Baernstem (110) 

The first suggestion that factors other than the methiomne-cysUne content of 
proteins may be miolved m an explanation of the hpotropic activity of proteins 
was made m 1938 by Tucker and Eckstein (109) Contrary to expcctatior, they 
found that the addition of 0 8 per cent cjatlne to a diet of 6 per cent ghadm and 
40 per cent fat failed to increase the hver fat iralues above that produced by the 
unsupplemonted diet alone A sunilar failure to demonstrate the cystme effect 
was observed by Channon et at (105) when albumm was the source of protein m 
the basal diet In new of the fact that both these proteins contam a high 
Iiercentago of cystme, a more probable explanation mav be that these diets Jro- 
vided more lystme than the amount (7 mgm /mt/da> ) shown by the wori 4 
Beeaton end Channon (101) to cause a maximum deposition of hver fat Cho:- 
non et al (108) found that albumm, which conlams more methionme than 
casein, exerts a shghtly leas hpotropic effect In addition, they observed-ta. 
I'anous protem supplements behaved differently, dependmg on the natur*- i ^ 
basal protein Best and Ridout (106) considered that their findings alsoTa -r. 
the hjTMthesis that methionine could not be the sole hpotropicallj 
m protem They show ed that the methionme and cystme content ^ 

cent casein diet was not as hpotropic as the 30 per cent casein dietjeca. i _ 
servations made by Tucker, Treadwell and Eckstem (111) were dirtcLi 
Best and Ridout also reported that a hmitmg hpotropic action r'c' 
was reached at a level of 0 6 per cent This was confirmed by dirm- j-j ^ 

fold and Platt (105) who demonstrated that methionine, added b _ r-r-„ 

to an 8 per cent casein diet exerted an moreasmg hpotropic efh- — _ - ^re- 
cent, whereas the hpotropic effect of casein mcreased until it ret 
of the diet 
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In the light of these findings Channon et al (105) stated that “since methi- 
onine IS probably not the only hpotropic constituent of caseinogen, two possi- 
bihties arise, either that some other ammo acid also e\erts a lipotropic action, 
or alternatively, added methiomne is mcapable of e\ertmg its full action in the 
absence of some other protem constituent ” The}’’ had no evidence bearmg on 
the second possibihty although they mentioned a suggestion made earlier by 
du Vigneaud (112) that the production of ethanolamme (possibly froman ammo 
acid) might be the limiting factor This was a most mterestmg speculation 
smce Stetten (113) m the foUowmg year demonstrated that ethanolamme acts 
as a precursor m the biological synthesis of chohne 

In "View of the divergent findmgs of Best and Ridout, and Tucker and Eckstem, 
a remvestigation of the comparative influence on hver fat values of casern diets 
and supplements of cystme and methiomne m amounts eqmvalent to those 
present m casern diets n as made by Treadwell, Groothuis and Eckstem m 1942 
(114) This study confirmed their previous findmgs that diets supplemented 
■with methiomne m ere, so far as hpotropic action is concerned, supenor to diets 
containmg eqmvalent amounts of methiomne m the form of casern " Treadwell 
et al noted that the young rats on the high casern diet ate more food and gamed 
weight more rapidly than rats on the methiomne-cystme diet They suggested 
that this would mvolve an mcreased demand for methiomne m the formation of 
new tissue protem The vahdity of this explanation could be detennmed by the 
use of the pair feeding techmque 

The fact that hver fat values are affected by food mjake has been demon- 
strated by Griffith and Mulford (95) m young rats They explam the antilipo- 
tropic effect of cystme on the basis that 18 per cent casein diets contam an 
madequate supply of dietary sulfur and that a supplement of 0 5 per cent cystme 
raises the metabohc level and thus creates an mcreased demand for hpotropic 
factors (116) On the other hand, the ivork of Treadwell et al (114) indicates 
a direct antagonism betn een methiomne and cystme 

Mention should here be made of the important work of du Vigneaud and asso- 
ciates who suggested (112) and later proved (25) that methiomne exerts its 
hpotropic action, mdirectly, by supplymg methyl groups for the synthesis of 
cholme This n ork mil be discussed m more detail m the following section 

4 Biological synthesis of chohne Smce a very extensive re\uei\ of the work 
on the bio-synthesis of cholme has been presented by du Vigneaud (116) only 
the sahent features will be noted here 

Du Vigneaud et al (117) shoned that homocystme could not support the 
grovi;h of rats on a basal diet m which ammo acids were used as the source of 
nitrogen and w hich w as supplemented with thiamm chlonde, nbofla’vm, nicotmic 
acid and ryzamm B An eqmvalent amount of methiomne was capable of sup- 
portmg growth under the same experimental conditions In contrast to the 
comnlete failure of growth with homoc}’Btme and the vitamm B muxture, the rats 
w ere able to grow w hen tikitiki extract and milk "vitamm concentrate w’ere added 
It was concluded that there must be some factor present m the tilatda and milk 
•vitarmn concentrate necessar}’’ for the methylation of homoc}'stme 
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The possibilitj that cholme might be involved was suggested by the obsenn- 
tion that fatty livers developed on the original diet but not on the diet supple- 
mented with tikitiLi and milk vitamm concentrate (112) Chohne was there- 
fore added to the original diet with horaocystme The animals gamed weight 
at as rapid a rate as animals which had been given methionme m place of the 
chohne and homocjstme The isolation of chohne from the tikitiki and milk 
vitamin concentrate was further proof that it was, at least m part, responsible for 
the abihty of those supplements to enable the rat to utilise horaocystme m place 
of methionme From these results it was inferred that a supply of methjl 
groups from chohne made possible the conversion of horaocystme to methionme 

Duect proof for the transfer of methyl groups from chohne to methionine was 
demonstrated by du Vigncaud and coUaboratora (118) in a recent experiment in 
which deuterochohne and horaocystme were fed to rats and deuteromethionme 
isolated from the tissue proteins Thus the methyl groups of dietary cholme 
are used m the bio-sjTithesia of methionme Methyl transfer from chohne to 
methionme was shown to occur even m the absence of dietary homocjTStme or m 
the presence of dietary methionme The presence in the diet of a methjl ac- 
ceptor IS therefore not a requisite for transmethylation to methionme to fake 
place It was suggested that a precursor of methionme, undoubtedly homo- 
cysteine, IS formed bj the animal during the catabolism of methionme thus 
enabhng methiorune to be resynthesued with the methyl group supplied by 
choline 

Direct proof of the reverse transfer of the methyl group from methionme to 
provide for the formation of choline was later demonstrated bj du ^^gneaud et al 
(26) Methionine containing deuterium in the methjl group was fed to rats on 
a methionine-chohne free diet The choline isolated from the tissues contamed 
an amount of deuterium theoretically possible, if it was assumed that all the 
methyl groups of the chohne had come from the deutero-methionme The sub- 
strate that Is methylated was shown by Stetten (113) to be ethanolamme, which 
IS formed m the body bj the reduction of glyome or as suggested bj Foloh (119) 
by the decarboxylation of serme Glycmo m turn can arise from the demethyla- 
tion of betame 

Proof that methionme also serves as a source of methyl groups for methylated 
compounds other than choline m the body and that the innous Ii -methyl com- 
pounds synthesised by the animal derive their methyl groups from the “labile ’ 
methyl supply of the diet has been presented by du Vigneaud and co-workers 
(120) who foimd deuterium m the ansenne Isolated from rabbit muscle following 
the feeding of deutcromothlomne 

Chandler and du Vigneaud (121) have shown that betame will enable the rat 
to utilise homocystine m place of methionine although it is less effectne than 
equii nlent amounts of chohne The action of betame m this regard is delayed 
for se\ eral days after its admmistration The authors offer the explanation that 
chohne Is the compound which is aotuallj' used bj the body for the methj lotion 
of homocj'stmo but that betame can be used after the organism acquires the 
nbililj to com ert sufficient quantities to chohne The mequnliti of aolmty of 
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cholme and betajne could be accounted for by a less than quantitative trans- 
formation of betaine to chohne That betame is not directly converted to cholme 
has been shown by Stetten (29) Betame containmg isotopic nitrogen was fed 
to rats and it was found that the glycme of the organ proteins and the phospho- 
hpid ethanolamme were nch m Nu The phospholipid chohne contamed no 
more Njs than could be accounted for by the conversion of ethanolamme to 
chohne Therefore Stetten concluded that betaine is demethjlated to form 
glycme, httle or none of it being directly reduced to chohne It would appear 
that the hpotropic action of betame is due eventually to synthesis of cholme, 
which IS not accomplished directly 

Stetten (122) has reported that the conversion of ethanolamme to cholme 
proceeds withbPt hmdrance m rats even when the diet is sufficiently poor m labile 
methyl groups to cause fatty hvers Accordmgly, the quantity of chohne m the 
body is mamtamed at a constant level by the biological methylation of ethanol- 
aimne This may explam the lack of relation of the cholme content of the body 
to the amount of chohne m the diet noted by several workers (13, 22, 123) 
Handler and Bemheim (124) reported that cholme oxidase is greatly reduced or 
inhibited by the accumulation of fat m the hver and oflFer this as a possible ex- 
planation of the high content of body chohne in the absence of available methyl 
groups On the other hand, m confirmation of Engel’s work (125), Stetten and 
Grail (126) have reported a drop m the chohne content of the hver hpids when 
cholme is onutted from the diet They showed that m normal rats 20 to 30 
per cent of the hpid mtrogen is chohne mtrogen, whereas m animals on a chohne 
deficient diet the correspondmg figure is 11 per cent 

It has been clearly established that chohne may be synthesized tn vtvo provided 
that methyl groups are available, as from methionine or betame, and also that 
there is available a supply of ethanolamme It would not be expected that symp- 
toms of cholme deficiency could be produced if the essentials for cholme synthesis 
are supphed m the diet While the vahdity of this has been established, there 
has been some confusion m some papers m the literature as to the r61e of methyl 
groups in fat metabolism Reahzmg that cholme can be synthesized and that 
the hpotropic action of chohne is due to the stimulation of phosphohpid forma- 
tion, it seems unnecessary to assume, as has been done, that methyl groups play 
a direct part in the ^jpotropic action Some discussion has taken place regardmg 
the amount of cholme present m the tissues of ammals which have been main- 
tained on a diet free of chohne and of chohne precursors On such a regimen 
rats show a defimte mcrease m hver fat withm two days but it has been stated 
that the quantity of cholme m the animal is not reduced The most recent ivork 
(Engel, 125, Stetten and Grail, 126, Patterson and McHenry, 127) shows that 
the phosphohpid concentration and the proportion of chohne m the hver is de- 
creased, as would be expected 

5 Mode of action of chohne The mode of action of cholme as a hpotropic 
factor has yet to be determmed conclusively The most obvious explanation, 
and one that is supported by considerable experimental evidence, is that chohne 
promotes lecithm synthesis m the hver According to the early explanation of 
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Lcatbes and Raper (7), phospholipids are necessary tor fat transport from the 
Ui-er The wprk of Bloor (128) and that of Sinclair (129) had defimtel} estab- 
lished the actii e idle of phosphohpids m fat transport The mdesprend occur-' 
ronce of cholme-containing phosphohpids and the relatii-e constancj in amount 
with which thej occur m tissues (130) has suggested that thev are also concerned 
ivith cell structure It has prenously been pomted out that Hershej began the 
ongmal mve«tigation on the effects of leathin in depancrcatued dogs mth a 
hypothesis denved from the explanation advanced bj Leathes and Haper (7) 
regardmg the transport function of phosphohpids In gomg back over the early 
hterature regarding the hpotropic action of eholme it seems strange that this 
simple concept of the idle plaj-ed by chohne was disregarded in favor of more 
compheated and mj’stenous ones In a space of a few years a series of hypo- 
theses were adiranced as, for example, that chohne had an unknown effect upon 
liver function or that it altered carbohydrate metabolism Experimental 
evidence was not secured to substantiate these theories and the attention of 
imnstigators in this field nas brought back to the obvious explanation which had 
formed the basis of Hershev’s research 

Experimental endence reported by Welch (30) and later bj Stetten (29, 113) 
shows that dietary chohne Is used in the direct synthesis of phosphohpid In a 
clear-cut experiment Welch (30) fed rats areenocholine, which he shoned to be 
lipotropic, and found arsenic present m the leciUun of the tissues Since the 
methyl groups of arscnocholine are not labile (131) Welch concluded that its 
hpotropic aotinty must depend on reactions which mvolve the mtact molecule 
It IS reasonable to conclude that the hpotropic action of chohne also mvolves the 
intact molecule rather than its labile methyl groups 

The methjl groups of chohne do not appear to be necessary for its hpotropic 
activity smee tnethylchohne and arsenochohne both possess lipotropic activity 
as demonstrated by Welch but do not contribute to the labile methyl supplj as 
shown by du ITgneaud et al (112, 131) Mawson and M'elch (132) have pre- 
sented evidence which suggests that the hydroxyl group of chohne is necessary 
for its hpotropic action 

Stetten (29, 113) fed chohne, containmg isotopic nitrogen, to rats and found 
that the choline of the body phosphohpids was rapidly replaced by the mgested 
labelled chohne The In’er iras reported to be the most active organ, with the 
other thoracic and abdominal organs next, closely followed bj the carcass The 
bram phosphohpids are by far the least active with regard to chohne turnm er 

Perlman and Chaikoff (31) used radioactive phosphorus and showed that 
eholme markedly stimulates the sjuithesis and transfer of phosphohpid b\ the 
hi er of the fat fed rat Chohne caused n stimulation of phosphohpid activat> 
about one hour after its mgestion and its effect was still demonstrable for about 
10 hours It was obsciwed that there ivss a relation between the amount of 
eholme ingested and the phosphohpid response within a range from 0 to 30 mgm 
This obsen ation is further ei idence for the specific action of chohne upon phos- 
phohpid metabolism 

Channon ct al (133) assumed that, If the lecithin hvpothesis were correct, any 
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base having a choline-like action on liver fat should be incorporated in a new 
phosphohpid molecule as a substitute for chohne Tnethylchohne could not be 
detected m the hver phosphohpid, follonung its admimstration to rats While 
this negative result does not support the lecithm hj^iothesis, it should not be 
accepted without confirmation On the other hand, Folch and Woolley (134) 
reported the presence of mositol, which is hpotropic, in certam tissue phospho- 
hpids While significance has not been attached to this observation, it supports 
the theorj" of the synthesis of phosphohpid m response to the administration of a 
hpotropic factor Also m favor of this hypothesis is the observation made by 
Ayhvard, Channon and WiUonson (15) that cholesterol, which is “anti-hpotro- 
pic”, causes a fall m h\ er phosphohpid The fall m phosphohpid occurred before 
the hver was fatty and it nas checked by the administration of chohne They 
also noted that, m the absence of chohne, as the phosphohpid dimimshed, the 
glyceride mcreased Welch and Welch (135) stated that the hypothesis that 
chohne chlonde is phosphorylated and utilized in the synthesis of lecithm is sup- 
ported by the findmg that the phosphonc acid ester of chohne chlonde is un- 
affected by hver phosphatase and therefore protected from oxidation m the hver 
Betame, another hpotropic substance, accelerates phosphohpid turnover 
The magmtude of phosphohpid activity was found to vary ivith the dose of 
betame although themcrease was not directly proportional to the amount fed (51) 
Perlman and associates (136) extended theu: studies to include the effect of 
ammo acids on phosphohpid turnover m the hver and correlated this with hpo- 
tropic activity Methiomne was shown to produce an elevation m phosphohpid 
turnover Negative results were obtamed with glycme, alanine, tyrosme, gluta- 
mic acid, asparagme, prohne and serme With the exception of tyrosme, which 
was reported by Beeston and Platt (102) to possess shght hpotropic activity, 
these findmgs agree very well with the mabihty of these ammo acids to exert 
a hpotropic action as previously reported (101, 102, 103) 

An exception to the general correlation beta een hpotropic activity and phos- 
phohpid turnover is the findmg by Perlman et al (136) that cystme and cysteme, 
while not possessmg hpotropic activity, accelerate phosphohpid turnover m the 
hver Perlman et al , however, pomt out that the method of admmistenng these 
ammo acids differed from that m which their hpotropic action was studied 
Observ'ations of phosphohpid turnover were made several hours after a smgle 
feedmg while hpiotropic activity was studied several weeks after daily feedmg 
In the early work of Best and associates (13) on the effect of chohne on hver 
fat it was reported that, while chohne mcreases the percentage of phosphohpids 
m the hver, its administration does not mcrease the proportion m which phospho- 
hpids contammg chohne occur m the phosphohpid mixture As Changus, 
Chaikoff and Ruben (137) have reported, the total phosphohpid content of a 
tissue bears no relation to its phosphohpid turnover Bram, which contains 
twice as much phosphohpid as hver or kidney, has but a fraction of the phos- 
phohpid tumoxer It may be that a certam rate of phosphohpid turnover must 
be mamtained m order to prevent fat accumulation m the hver as well as other 
signs of chohne deficiency 
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Best (56) suggested that choline might affect hver fat bj decreasing the 
amount absorbed or by mcreasmg the oxidation of fat m the h\’er Beat and 
ooHaboratora were unable to obtam eipenmental evidence to support either 
hypothesis Deuel et al (67) reported that choline does not mcrease the rate of 
fat oxidation, if ketonuna during fasting Is accepted ns evidence of such oxidation 
Maclean, Eidout and Best (138) confirmed this conclusion by their observation 
that rata with fatty hvers excrete larger amounts of ketone bodies dunng fasting 
than normal rats but the extent of ketonuna is not proportional to the excess fat 
m the liver 

It may be assumed that cholme owes its hpotropic activitj to its participation 
m the formation of phosphohpids Prom the many mvestigations on choline 
has come confirmatory evidence for the theory that phospholipids serve to 
transport fatty acids from the liver For the formation of at least some of the 
phoepholipids choline is required This may be supphed m the diet or it may be 
synthesrsed tn mvo if labile methyl groups and ethanolamme are available In 
the absence of dietary choline or of cholme precuiBors neutral fats accumulate 
in the liver The pnncipal result of the cholme investigations has been to shou 
that cholme is necessary for the formation of some phosphohpids and that fatty 
hvers are produced if the mechanism for the transport of fattx acids is not 
available. 

6 Other effectt of cholme a Rena! degeneraJum In 1939 Griffith and Wade 
(139) presented evidence for a hitherto imrecogniied effect of cholme deficiency, 
hemorrhagic degeneration of the kidneys This deficiency was produced withm 
10 days m very young rats mamtamed on a low cholme diet and ivas character- 
ised by fatty liver accompamed by renal enlargement and marked hemorrhagic 
degeneration of the kidneys a regression of the thymus and an enlargement of 
the spleen Two milligrams of cholme per day preiented the degenemtive 
changes m the kidneys while 10 mgm was required to control the hver fat It 
Mas suggested (140) that cholme has a more fundamental rfile than its function 
m the regulation of the fat content of the hver The hier was fatty but the 
kidneys were normal if all the protem of the diet (16 per cent) consisted either 
of casein or of dried egg white Hemorrhagic ladneya de\ eloped if 0.3 per cent 
cystme was added or if the protein consisted of 4 per cent fibrm 8 per cent casern 
and 3 per cent dned egg uhite The renal lesions could be prevented by the 
addition of choline or methionine It was concluded (141) that the absolute 
amount of either methionme or cystme ns well ns the ratio of the two affects tlie 
cholme requirement 

Previously Cox, Smydhe and Fishback (142) reported the occurrence of hcmoi^ 
rhagic Iddneys in rats on a ensem diet to which cystme was added and Hartnell 
(143) noted similar lesions resultmg from high edestin diets The lesions could 
bo preiented by increasing the supplement of marmito Griffith’s work (141, 
144) suggests a correlation between these lesions and cholme deficiency 

'The histological changes in the kidney resultmg from cholme deficiency hni e 
been described by Christensen (146) and by Gyfirgy and Goldblatt (140) who 
pointed out their similanti to those resulting from cystme mtoxication Sup- 
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plements of cystine, fat or cholesterol, m the absence of chohne, increase the 
seventy of hemorrhagic degeneration of the kidney (147) The aggravating 
effect of dietary cholesterol is prevented during the crucial 8 day penod but not 
dunng a subsequent 30 day penod (95) 

The age, n eight and sev of rats affect the development of symptoms of chohne 
deficiency (140, 148) It was found that renal lesions and fatty hvers were most 
readily produced withm 7 to 10 days m 40 gram male rats 20 to 30 days old A 
marked decrease m the mcidence of renal degeneration and h\er fat content 
occurs m older and heavier rats This suggests that there is a corresponding 
decrease m the chohne requirement of older rats Engel has reported (149) 
that symptoms of chohne deficiency can be produced withm 7 to 14 da3fs at any 
time dunng the penod of growth 

The cholme reqmrement of the rat appears to be related, also, to the level of 
metabolism It was noted (140, 144) that, if the dietary protein vas adequate 
in amount and m composition for good growth, renal lesions and high levels of 
liver fat were produced more readily than if the protem was inadequate Renal 
hemorrhage can be prevented by restnctmg the mtake of a diet nhich when fed 
ad hbitum causes the lesion (95) In the hght of these observations and smce 
the apparent injunous effect of cystme is not proportional to the level of added 
cystme, Griffith offered a tentative explanation of the injunous effect of cystme 
added to diets low in chohne, methionme and cystme On such diets there is 
insufficient methionme to satisfy the demand for chohne and possibly for cystme 
also A supplement of cystme, bj' improvmg the state of nutntion of the rat, 
increases the need for methionme and chohne (150) 

Smce the studies of du Vigneaud et al (25) showed that transmethylation oc- 
curs m the animal body and that methyl groups m such utihzable fonnsas 
methionme, chohne and betame may be essential m the diet, Griffith suggested 
that hemorrhagic degeneration of the kidneys imght result from a deficiency of 
the mdispensable labile methyl supply (160, 151) Methionme or betame con- 
tribute to the labile methyl supply and may be substituted for cholme m the 
prevention of hemorrhagic kidneys 

In animals which survive the crucial 10 day penod of chohne deficiency the 
kidney lesions and renal function show spontaneous improvement The liver 
remains fatty throughout the penod of recovery of the kidney, the recovered 
kidneys remain enlarged and m some cases are scarred wnth a white incrustation 
(148) 

Engel and Salmon (152) used arachm, which contains very little methiomne, 
as a source of protem m the diet of rats and observed fatal hemorrhages m the 
lodnejs, eyes, adrenals and lunp Weichselbaum (153) reported fatal hver 
hemorrhages m rats on diets deficient m cystme and methionme These studies 
serve to confirm the importance of dietary chohne for the maintenance of cellular 
nutntion 

Griffith (28) pointed out the probabihty that the cholme phosphohpids are 
im olved in an explanation of renal hemorrhagic degeneration smce lecithm is an 
intermediate m fat metabolism and important m cellular structure He sug- 
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gested that "it is also possible that mamfestations of chohne deficiencj , other 
than the fatty hver, maj be due to the faHure of formation of other essential 
methyl-containing metabohtes ” Preyiously Griffith and Mulford (161) had 
postulated that the renal degeneration was due to a lack of labile methyl groups, 
mainly because the feedmg of methlonme and betame would prevent the lesions 
It has been clearly estabHahed that the rat can synthesise chohne from a supply 
of methyl groups m the diet It would seem reasonable that methyl groups are 
needed merely for the synthesis of chohne and not per se for the prevention of 
hemorrhagio kidneys smce Welch found that tnethylcholme (164) and areeno- 
chohne (165), neither of which contribute to the labile methyl supply, prevent 
the development of hemorrhagio kidneys m rats on a low chohne diet 

Observations made recently by Patterson and McHenry (127) have shown that 
renal damage, resrultmg from a low chohne diet, is preceded by a decrease in the 
concentration of phosphohpida m both the hver and kidney Tnethylcholme 
or chohne prevent kidney damage and maintain the phosphohpid concentration 
withm normal levels On the basis of these observations It was suggested that 
kidney lesions may result from a failure of a sufficiently rapid rate of phospho- 
hpid formation to mamtain the structure of the growmg kidnej While this 
hypothesis has yet to be proven it fits many of the known facts Griffith (161) 
found that 1 to 2 mgm cholme would prevent the renal lesions, while 0 to 8 mgm 
w ere necessary to reduce the hver fat In accordance with the stimulating effect 
of chohne on phospholipid turnover noted by Perlman and Chaikoff (31), it is 
conceivable that a small quantity of chohne (1-2 mgm ) would stimulate turnot er 
sufficiently to provide enough for the more vital cell structure while a large 
amount (6-8 mgm ) would be necessary to exert a demonstrable effect on hver 
fat Griffith and Wade (140) have stated that renal hemorrhage can be produced 
most easily m only one brief portion of the rat’s life, that immediately after wean- 
mg, and Engel (149) noted that it could be produced at anj time during the 
period of rapid growth During growth a supply of phospholipid may be particu- 

larly essential for the development of new cell structure Changus, Chaikoff and 
Ruben (137) have shown that the rate of phosphohpid turnover is much greater 
m younger rats than m older ones Therefore, if cholme is necessary to inamtam 
phospholipid turnover, one could account for the requirement of chohne being 
greater In young rats than m mature ones and also for the spontaneous recovery 
of the kidney at a time when the rate of phosphohpid turnover is normally 
being reduced Methlomne, betame and chohne, which prei ent renal damage, 
also stimulate phosphohpid turnover It should be noted that all substances 
which prevent this type of renal damage are hpotropic agents and it seems un- 
necessary to postulate any causative mechanism other than the rfile played bv 
these subetances m phospholipid formation and consequent fat transport 
b Hyperplana of the fortslomach m rale Hyperplasia and ulceration of the 
cplthehum of the forestomach of rats fed bread and wood ehavmga was first 
observed m 1914 by Singer (160) Smce that tune several mvestigations have 
been made to determine the etiology of the lesion While irritation by parasitca 
(167) or by gastric juice (158) has been the only explanation advanced for the 
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direct production of the lesion, numerous reports have suggested that vanous 
dietary deficiencies are a predisposmg factor (159, 160, 161, 162) 

Dalldorf and Kellogg (163) and Sure and Thatcher (164) reported stomach 
lesions m rats suffenng from thiamin deficiency Similar lesions were obtained 
by Fmdlay (165) with a deficiency of vitamm Bs Howes and Vivier (166) dem- 
onstrated that gastnc lesions occur as a result of a deficiency of the vitamm B 
complex This observation was confirmed by Sharpless (167, 168) who showed 
that lesions could be produced by a dietary deficiency either of protem or of the 
Autamm B eomplex 

Sharpless (168) demonstrated that the epithelial changes can be promoted m 
most rats fed a diet of white flour by providmg supplements of nboflavm, mco- 
tmic acid, cystine and an extract of nee pohshmgs In a later study Sharpless 
and Sabol (169) substituted thiamm, pyndoxine, chohne and calcium panto- 
thenate in \ anous combinations m place of nee pohsh extract When pyndoxme 
V as added to the n hite flour diet contaimng thiamm and nboflavm, no protection 
nas secured, chohne protected all but 31 per cent of the animals, p3mdoxme and 
chohne fed together reduced the mcidence of gastnc lesions to 14 per cent, the 
further addition of calcium pantothenate had no additive effect The results 
seemed to mdicate that pyndoxme m the presence of chohne aids m mamtammg 
normal gastnc epithehum It was noted that animals fed the basal diet without 
cholme had mtestmal contents m the stomach The stomachs of animals fed 
chohne were free from visible mtestmal contents Sharpless and Sabol suggested 
that cholme stimulated the smooth muscle of the gastro-mtestmal tract and 
helped to prevent regurgitation of bile which might act as a stimulus to cell 
proliferation 

Sharpless (170) has reported additional data as a basis for an explanation of the 
gastnc lesions He found that sodium taurocholate or pepsm or hydrochlonc 
acid mcreased the mcidence of hyperplasia of the forestomach epithehum m 
anunals fed diets deficient m cystme, nboflavm, pyndoxme or chohne but not m 
animals fed a nutntionally adequate diet The action of the protective factors 
IS interdependent and a deficiency of one may prevent effective action by others 
Sharpless postulated that “the mechanism of formation of gastnc lesions is the 
imtation of abnormally sensitive epithehum by hair, hard food particles, pepsm 
and hydrochlonc acid, or bile ” The relation of cholme to the prevention of 
these lesions is not clear 

c Lactation Sure (171) has reported that chohne is an mdispensable com- 
ponent of the diet for growth and lactation of the rat When lactatmg rats were 
mamtamed on a diet deficient m chohne the groivth of the young sucklmg rats 
was arrested by the 13th day and paralysis and death ensued The administra- 
tion of 15 mgm chohne per day to the yoimg rats or 5 mgm cholme to the mother 
rats and 10 mgm to the young rats was required for satisfactory growth of the 
young Cholme w as also shown to be necessary for growth of the weaned rat 
The need for chohne by the young rat is probably not a manifestation of a new 
function of chohne but is related to the requirement of cholme for normal phos- 
pholipid formation w’hich is mtimately concerned with fat transfer Sucklmg 
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rats aw receiving a high fat diet, since matenial milk contains 82 per cent fat 
(171) The phosphohpid turnover is higher m the suckling rat than during any 
period of gwwth and consequent^ there would be n greater demand for chohne 
dutmg this period (172, 173) Artom and Fishman (174) have recently shown 
that cholme adnunistratioo is necessaiy to maintam the normal concentration of 
choline phosphohpids m the hver of the newly weaned mt, maintamed on a diet 
containmg small amounts of chohne or of chohne precursore 
d Perotxt PeroBiS or “shpped tendon” has been extenmiely studied m the 
chick Two excellent reviews of the studies on the preventive effect of man- 
ganese on this B>’ndrome have been presented by Jukes (176) and by Wilgus et al 
(170) In this review reference wdl be made only to the relation of chohne to 
perosis In 1939 Jukes (177) observed that turkeys were highly susceptible to 
peroeis and that it was not prevented m this species by the mclusion of manganese 
m the diet In the following year Jukes (178, 179) described expenmenta which 
showed that chohne, m addition to manganese, was effective m preventmg perosis 
m both turkej'S and chicks It was noted that an adequate supply of the vltamm 
B complex was necessary for the fuU anti pcrotic effect of chohne to be exerted 
and that arsenochohne was anti-perotic while gelatm was completely meffeotive 
In contrast to the results secured with turkeys. Jukes (180) observed that chicks 
did not develop perosis on a chohne defident diet unless gelatm or creatbe were 
added Choline at a level of 0 1 per cent prevented peroeis under these condi- 
tions This effect of creatme was explained on the basis of the observation made 
by Alraquist and Mecchi (181) that creatme deficiency results in muscular 
dystrophy and, if the tension on the bones is reduced by muscular dystrophy, the 
tendency toward peroms may be lessened Glycine, the prmcipal amin o acid m 
gelatm, B a precuisor of creatme A study by Jukes and Welch (182) of the 
effect of certam analogues of cholme on growth and on perosis m ducks showed 
that the anti pcrotic activity of chohne is distmct from its growth promotmg 
action That fatty livets are not concerned in perosis resulting from chohne 
deficiency was observed by Hegsted, Amis, Elvchjem and Hart (183), who con- 
firmed the need for choline in the diet of the chick and noted that chicks suffering 
from perosis due to chohne deficienoy at 4 weeks of age did not show fatty livers 
Hogan et al (184) agree that cholme definitely buH perosis-preventing actinty 
but thdr mvestlgation mdicated that choline was not the only specific nutrient 
present in such natural anti perosis supplements as h\ er No adequate explana- 
tion has been provided regarding the function of cholme m the prevention of 
perosis 

(e) ActliiTehohne formation A prehrainaiy experiment made by Solandt 
(185) suggested that a dietary defiaenev of choline mav result m a deficient 
formation of the ncurohumour, acetjichohne This hypothesis was tested m 
later expenmenta (186) in which it was observed that \ agus stimulation reduced 
the heart rate to approximately 30 per cent of the normal value m rata on a 
normal diet, to 45 per cent m rats on a low chohne, plus chohne, diet, to 76 per 
Mnt in animals on a low cholino diet Intrav enoua injections of cholme chlonde 
in the latter group mereased the action of the vagus on the heart muscle This 
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phenomenon was never observed m rats m either of the groups receiving choline 
regularly Solandt and Best concluded that a low mtake of dietary chohne 
causes deficient vagus function which can be rectified by mjected chohne It was 
suggested that chohne deficiency results m deficient formation of acetylcholine at 
the nerve endings No more definite connection between chohne m the diet and 
the hberation of acetylcholine at the nerve endmgs has so far been reported 
These observations are of mterest because they mdicate that dietary cholme may 
serve m a capacity quite different from that which explains the lipotropic function 

(J) Butter yellow, hepatic tumors and chohne The effect of various dietary 
factors on the hepatic tumors produced by adding butter yellow to a diet of un- 
polished nce and a small amount of carrot have been mvestigated by numerous 
workers 

The mcidence of tumors in rats was markedly reduced by nce-bran oil (187), 
yeast (188, 189), dned beef hver (190) or the replacement of nce by wheat bread 
(188, 191) Sugiura and Rhoads (192, 193) found that an extract of nce-bran or 
an ether extract of yeast caused a transitorj’’ inhibition of hver cancer 

Kensler, Sugiura and Rhoads (194) reported that the contents of coenzyme I 
and of nboflavm m the hvers of rats on the basal nce diet plus butter yellow were 
markedly reduced below normal values The addition of 15 per cent whole yeast 
increased the levels to normal In the folio wnng year these workers (195) studied 
the effect of mcotmic acid, nboflavm, and casern on the susceptibility of rats to 
cancer These three supplements administered separately gave no protection 
but the admmistration of nicotinic acid wuth nboflavm resulted in a defimte 
decrease in cancer mcidence, while casern plus nboflavm gave stnkmg though not 
absolute protection The 3 '’ concluded that at least two factors, nboflavm and 
casein, render the rat less susceptible to the carcinogemc effect of butter y^ellow 
Gyorgy, Pohng and Goldblatt (196) confirmed the beneficial effect of casein and 
noted that the combmed admmistration of C 3 'stme plus cholme afforded defimte 
but not regular protection against the pathological changes in the livers produced 
b 3 butter yeUow Du Vigneaud et al (197) found biotm to be procarcinogemc 
when administered to rats receiving butter yellow and an otherwise highly 
protective diet 

IMiller et al (198) studied the effects of various modifications in the basal ration 
on the rate of tumor formation with butter yellow, particular emphasis bemg 
placed on the relative effectiveness of vanous proteins Dietary casern (18-40 
pel cent) offered partial protection, hver, 3 '^east and egg gave equivalent protec- 
tion at le\els of 12 to 13 per cent of total protem, 10 per cent whole dned beef 
liver in a 10 per cent casein diet or at a 20 per cent level as the sole source of 
protem offered nearly complete protection at 4 to 6 months, 1 2 to 2 per cent 
water-soluble, alcohol-insoluble portion of whole liver in a 10 to 12 per cent casein 
diet gave nearly complete protection at 4 months but not at 6 months, xanthme, 
1-cystme, i-mositol, and cholme (0 1-0 5 per cent levels) gave no protection 
Feeding experiments indicated that the dy^e reduced growth per se as well as by 
causing a decreased food intake The authors concluded "(a) that nutritionally 
adequate diets offered at least partial protection against hepatoma formation 
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(b) that protective supplements were usuall> nch in both protem and the vitamm 
B complex, particularly riboflavin (c) that non protective diets were deficient in 
at least one of these factors 

Jacobi and Baumann (199) demonstrated that butter yellow contains labile 
methyl groups and suggested that it may cause tumor formation by stimulating 
phospholipid turnover which la higher m tumor tissue than m normal tissue 
Choline was- found to be without effect on tumoi groiiih However, the tumor 
tissue may draw on the host for its supply of chohne or it may itself synthesire 
this substance. 

(7) Is CholiTte a Vtiamtnt ffhere has been some debate as to whether cholme 
should be classified as a vitamm, and more particularly as a member of the vita 
min B complex It is difficult to see why chohne should be called a vitamin 
The word vitamin was ongmally used to desenbe an umdentified substance, be 
heved to be an amine, present m foods m mmute amounts, and necessary for life 
Ihe chemical constitution of chohne was known before any dietary significance 
was attached to It No useful scientific purpose would be served by considenng 
choline to be a vitamm The attempt to caII chohne a B vitamm is even less 
excusable There is evidence, either conclusive or suggestive, to warrant the 
opinion that the B vitamins are components of enijune sj'stems There is no 
evidence that cholme acts m this capacity The onlj function of chohne for 
which there is definite evidence appears to be that it is a structural constituent, 
either m the formation of phoephohpids or for a supply of methjl groups It 
'TOuld appear to be more satisfactory to leave chohne unclassified, other than to 
say that, under certam conditions, it is an essential constituent of the diet This 
u particularly true in view of the commercial exploitation of vitamins The 
abortive attempt to enll an essential fatty acid a vitamm is f amil iar to everj one, 
as is the effort to use this classification for commercial purposes The renewers 
can see no advantage, and several disadvantages, m labelling chohne as a vita 
nim. It should, indeed, be remembered that cholme only becomes a dietary 
^^fiuisite when the supplies of raethionme and ethanolaminc are markedly 
restricted 

(8) Lipotropic Acimly of Compounds Related to Chohne Expenments de- 
scribed by Best and Huntsman (26) to study the effect of various components of 
lecithin on the fatty hver of the rat showed that betaine has a lipotropic action 
^Tatt (200) reported that the aoUvity of betaine, in this regard was about 30 
per cent that of cholme In an experiment which indicated that the h^ dro\> 1 
eroup of chohne is necessary for its lipotropic action, Mawson and AVekh (132) 
reported that tnmethylammomum chloride caused an increase m liver fat, whUe 
tnmethylethyl, tetramethyl and tnmethylphenylammonmm chloride were so 
toxic that measurements of lipotropic actmty could not be made A^rdingto 
^^bannon and Smith (27) tnethyl p hj droxyethj lammomum h> droiide posses^ 
two-thirds the lipotropic activiU ci chohne weight for weight Tnpropil ^ 
bydroxylethylamraormim hydroxide had litUe, if anv, lipotropic effect wMe 
bomocholine (tnmethyl y hydrox>TroP>^*®^°^*^°^ ludroxide) was more effee 
tive than chohne itself on both the fnt fatty liver and the cholesterol fatU Iner 
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(201) Observations by Welch and Welch (135) indicated that N-betame alde- 
hydechlonde, and N-betame hydrochlonde, and the phosphorus and arsenic 
analogues of chohne chlonde were more than one-half as active as was chohne 
chlonde Phosphorus and arsemc betame hydrochlonde were not hpotropic 
This suggests that the phosphorus and arsemc analogues of chohne act per se, or 
as correspondmg aldehydes Platt (200) has reported that etherification of the 
alcohol group of chohne to form chohne methyl ether destroys its hpotropic effect, 
tetra /3 hydroxyethylammomum chlonde has no hpotropic activity 


TABLE 1 

Lipoiroptc activity of compounds related to chohne 


COUPOX7ND 

UPOTEQPIC 

ACTIVITY 

SETTASNCE 

Arsenobetaine hydrochlonde 



135 

Arsenoohohne chlonde 

+ 

135, 30 

Betame 

+ 

28, 136 

Betaine aldehyde chlonde 

+ 

136 

Betame aldehyde acetyl chlonde 

+ 

136 

Calcium phosphorylchohne chlonde 

+ 

136 

Choline chlonde 

+ 

26, 10, 135 

Chohne methyl ether 

— 

200 

Diethylmethylhydroxyethylammomum chlonde 

+ 

Cited m 131 

Dimethylethylhydroxyethylammoniiim chlonde 


131 

Homochohne 

+ 

201 

a methylbetame hydrochlonde 

+ 

136 

(3 methyloholme chloride 

— 

' 135 

p methyloholme ethyl ether 

— 

135 

a methyl-/9-phenylcholm0 chlonde 

? 

136 

Phosphobetaine hydrochlonde 

— 

136 

Phosphocholme chlonde 

+ 

136 

Tetra-j3-hydroxy ethylammonium chlonde 

— 

200 

Tetramethylammonium chlonde 

toxic 

132 

Tnethj l-j3-hydroxyethylamraomum hydroxide 

+ 

27, 133 

rrimethylamme oxide hydrochlonde 

— 

135 

Tnmethylammonium chlonde 

— 

132 

Tnmethj lethylammoniura chlonde 

toxic 

132 

Tnmethylphenylammonium chlonde 

toxic 

132 

Tnpropyl-^-hydroxvethylammonium chlonde 

■“ 

201 


A summary of the quahtative hpotropic activity of vanous compounds related 
to chohne is given m table 1 

From a consideration of the vanous compounds which have been shown to be 
directly hpotropic it n ould appear that the general configuration of the chohne 
molecule is essential but that some particular segments are not Methyl groups 
ma 3 '- be replaced by ethyl, as m tnethylchohne Nitrogen may be replaced by 
other elements with suitable valency (arsemc, phosphorus) A free hydroxyl 
group does seem to be necessary These statements apply to compounds which, 
like chohne, directlj’- participate m the formation of phospholipids but not, of 
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couise, to those subetonces whioh exert a lipotropic eCfect indirectly because they 
supply groupings lyhlch are required for the synthesis of choUne, or of a choUne- 
like compound 

(9) DttlribuUon of Choltne Several methods have been used for the estimation 
of cholme It is widelj distributed in animal tissues, as would be expected m 
view of the occurrence of lecithm It has not been realised by some mvestigators 
that many substances used m the preparation of experimental diets are excellent 
sources of cholmc This is particularly true of tissue extracts which have been 
employed to supply umdentified vit amins . It has seemed useful to summame 
available information regarding the occurrence of choline in substances used in 
animal diets, mamly for the purpose of emphasinng precautions which must be 
taken in mvestigations m which effects of choline are to be studied. Practically 
all of such information is contained m two papers, one by Fletcher, Solandt and 
Best (202), the other by Engel (203) Table 2 gives the average values recorded 
b} these workers 

A number of instances are available m the htcrature to demonstrate the need 
for care m planning animal dietanes In the imtial mvestigations by Best and 
assodatea (10) a gram diet was employed, this contained such large amounts of 
cholme that it is difficult to underatand how fatty hvers were secured. A more 
recent example is contamed in a paper by Quackenbush et al (204) These 
workers noted that the addition of thiamin to the diet failed to cause fatty livers 
m rats The diet contained 8 per cent autoclaved yeast, which would have sup- 
plied sufficient cholme to prei ent fatty hvers If the effects of eholine are to be 
studied, or alterations In fat transport noted, not only must consideration be 
given to the actual choUne content of the basal diet but m addition the presence 
of cholme precursors must be taken mto account Cholme deficiency cannot be 
expected unless attention is given to all dietary sources of cholme and of those 
substances nhich make possible the tn who synthesis of choline 

II Lipocaic After the imtial work by Hershey (4) the assumption could 
have been demed from the hterature that the value of the mclusion of pancreas 
m the diet of depancreatiied dogs was due to its content of leoithm or chohne A 
modification of this assumption was mtroduced in 1036 by the demonstration of 
the hpotropic effect of protem Investigations by Ralh, Flaum and Banta (205) 
m the same year suggested that raw pancreas was more effective in controlhng 
the hver fat of depancreatired dogs than could bo accounted for by its content 
of lecithm 

In 1036 Dragstedt and associates began mvestigations on the control of liver 
fat m depancreatiied ammals In their first reports (206, 207) they concluded 
that the development of fatty hvers is not due to the absence of pancreatic juice 
and that pancreatic tissue contains a lipotropic factor other than chohne The 
authois reported that at least 1 0 gram of chohne was necessary per day to prevent 
fatty livers, while an effective amount of pancreas contained about 60 mgm of 
choline In view of later developments it should be pomted out that Dragstedt 
et al tried liver or brain in place of pancreas, not only were these without effect 
but it might be concluded from the paper that the mclusion of liver m the diet had 
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accelerated the fatty infiltration of the hver of the experimental animals In 
extendmg these observations Dragstedt, Prohaska and Harms descnbed the 
preparation of an active extract from pancreas The name “hpocaic” was sug- 
gested for the component which prevented the development of fatty hvers 
Because it was beheved that pancreas alone contamed hpocaic it was claimed to 
be a new hormone concerned with the normal transport and utilization of fat 
Significant contributions to the study of the effects of pancreas and chohne 
were made by Kaplan and Chaikoflf (208, 209, 210) Unfortunately, one of these 
observations was lost sight of by subsequent workers and has not yet received 
adequate attention These workers showed that depancreatized dogs mamtamed 
with msuhn showed a decrease m blood hpids as well as an mcrease m hver fat 
They found that the feedmg of raw pancreas prevented the mcrease m hepatic fat 
and raised the blood hpids above normal This dual effect was not obtamed 
with chohne, or with chohne plus autoclaved pancreas They concluded that 

TABLE 2 


Chohne content of substances used tn animal diets 
(Milbgrams per 100 grams) 


SUBSTANCE 

nJicBEa 

EKOIX 

SUBSTANCE 

rXETCHEE 

ENGEX, 

Beef liver 

270 


Vitamin free casein 

4 


Beef pancreas 

230 


Agar 

1 


White flour 

140 


Cnsco 

0 6 


Polished nee 

94 


Potato starch 

0 


Skim milk powder 

90 


Cane sugar 

0 


Rice flour 

69 


Mazola (com oil) 

0 


Bone meal 

30 


Dried baker's yeast 

270 

460 

Corn starch 

25 


Dned brewer’s yeast 

240 

430 

Dried egg white 

18 


Peanut meal 


226 

Rice starch 

10 


Soy bean meal 


346 


pancreatic tissue contains two factors active m hpid metabohsm 1, a heat-labde > 
factor which controls blood hpid levels, and 2, a heat-stable substance which 
prevents fat deposition m the hver The existence of these two particular factors 
was never subsequently confirmed and their existence might be doubted How- 
ever, it seems likely that the heat-stable factor was chohne, or perhaps cholme 
plus another substance The most significant conclusion denved by Kaplan 
and Chaikoff, and one which was not considered by most subsequent mvesti- 
gators, was, “although chohne influences the fatty hvers of rats fed a high-fat, 
low-protem diet as well as those of depancreatized dogs mamtamed on a low-fat, 
high-protem diet, the evidence available at present does not permit the con- 
clusion that the mechanism of production and cure of these two tjqies of fatty 
hvers is the same Hence conclusions denved from experiments on rats cannot 
be applied at present to depancreatized dogs ” If this concept, that all fatty 
hvers are not identical, had been taken mto account, some of the subsequent 
confusion regardmg hpocaic would not have appeared 
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Shortly after the publication of the imtml papers Dragstedt and aasocmtes, 
the hpotropic effect of hpocaic i\*a8 examined on rats in several labomtonca, 
Overiooking the precautionary conclusion of ICaplan and Chaikoff, all of these 
Investigations except one involved the use of a type of fattj liver which had been 
shown to respond teadfly to choline Beat and Ridout (211) found that hpo 
calc had no activity in rats other than that which could be accounted for on the 
basis of its content of choline and protom While thev carefully pomted out that 
lipocaic might contam a factor affecting the deposition of fat in the liver of the 
depancreatired dog but not m the “normal” rat, the inference could have been 
drawn easily that hpocaic had no special effect Similar conclusions were ex 
pressed by Aj lN\*ard and Holt (212) and by MacKay and Barnes (213) All three 
investigations ^'ere earned out with rats fed a low protein, high fat diet In 
contrast with these negative findings, Choimon, Loach and Tnstram (214) re- 
ported e^idence showmg that pancreatic extracts contam a lipotropic agent dis- 
tinct from cholme or protem The positive results were mostly secured in rata 
which had livers made fattj by feedmg cholesterol Unfortunately, in the hght 
of later work, no observations ivere made upon hver or blood cholesterol values 
Chaimon and associates, like Kaplan and Chaikoff, attempted to d i stinguish 
between the conventional type of dietary fatty hvers m rats and those found in 
depancreatised dogs They pomted out that dopancreatmed dogs develop fatty 
Uvers on protein rich diets which would inhibit the production of fatty hvers 
in rats 

tn connection with an mvestigation of the causes and prevention of fattj hvers 
m depancreabsed dogs, RalU, Rubin and Present (216) noted m 1938 that the 
Uiers showed a mariced mcrease in cholesteiyd esters but no particular change in 
free cholesterol In the followmg year, Dragstedt et al (2l0) described blood 
lipid changes co-mcident with the development of fatty hi ers a reduction m total 
lipids, and of cholesteryl esters. The administration of hpocaic caused an 
Increase in blood hpids 

Uragstedt (217) reviewed the status of hpocaic in 1940 and it is advantageous 
to consider some of the features of the review He stated that the depan 
crcatited dog suffers from two obvious deficiencies insulm and pancreatic juice 
Adequate dosage with insulm does not prevent the production of fatty h\ er, nor 
docs a supply of pancreatic juice (see next paragraph) The feeding of raw 
pancreas 13 completely effective as a lipotropic agent ns also are highly purified 
PORcreatic extracts containing entirely ineffective amounts of choline Under 
conditions used m Dragstedt's labomlorj , the minimal effective dose of cholme 
^VQS found to be 2 grams per daj In the review Dragstedt emphasised his boUef 
that hpocaic was an mtemal secretion of the jiancreas If this supposition is 
granted, the pancreas supplies two hormones insulin and hpocaic After re- 
moval of the pancreas the deficionty of insulm 13 manifest within a few hours ns is 
the case with other hormones, following gland extirpation Fattj livers do not 
develop for a period of some weeks, or perhaps months Accordmg to Dragstedt, 
these fattj livers are caused bv a deficiencj of hpocaic How can the very alow 
dev'elopmont of fattj livers bo oxplamed if lipocaic is a hormone? It seems un 
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and sucrose, that is, a high-protem, high-carbohydrate, low-fat ration, and 
generally without additional vitamin supplements Dragstedt et al (217) have 
stressed the large dosage of cholme which they found to be necessary and the 
satisfactory response given b}"- hpocaic Their animals were fed a ration of meat, 
whole milk and v hite bread and this contamed appreciably more fat than that 
used by Best and associates With dop mamtamed on this diet Dragstedt has 
failed to find fatty livers after hgation of pancreatic ducts, or that pancreatic 
]uice has a lipotropic effect The basal rations employed by Chaikofif (218) and 
by Ralh (205) have differed from each other and from those supphed m other 
laboratones, both Chaikoff and Ralh have mcluded generous amounts of the B 
vitamins in the diets Great care should be exercised m companng results be- 
tween different species of animals but it might well be recalled that the inclusion 
of a mmute amount of biotm in the diet fed to rats causes a marked difference m 
response to lipotropic agents It is very difficult, if not impossible, to compare 
the results found in different laboratones in studies on depancreatnsed dop m 
view of the mde vanation m the basal rations In the opmion of the present 
renewers clarification will not be secured until standardization of techmque is 
adopted, particularly mth reference to the basal ration 

There are a number of attractive, unsolved questions m the investigations on 
depancreatized dop The work of Ralh and Rubin (222), and that by Gavm 
and McHenry (92) in rats, suggests that there may be a positive agent promotmg 
fat deposition m the liver Is this agent biotm? Biotin causes fatty livers m 
rats which resemble in several respects at least some of the fatty livers which 
have been studied m dop What is the r61e of pancreatic jmce? Oneismclmed 
to accept the finding of Chaikoff and associates (218-221) and of Ralh et al 
(216) that the absence of pancreatic jmce contnbutes to the formation of fatty 
livers Pancreatic juice may supply hpocaic directly or it may cause the libera- 
tion and consequent absorption of a lipotropic factor from foods in the basal diet 
While the contention that hpiocaic is a hormone may be doubted, there can be no 
question that it is lipotropic, nor that this activity is due to a constituent other 
than cholme or protein What is the chermcal nature of hpocaic? Very httle 
information is available reprding the active substance The production and 
prevention of fatty livers in depancreatized dop still offers fruitful field for 
investigation 

III Inositol In 1928 Eastcott (226), w orkmg m Lash Miller’s laboratory, 
identified bios I as inactive inositol Woolley (227) showed in 1940 that mositol 
IS an essential dietarj’’ factor for mice and that a deficiency of it causes alopecia in 
that species Deficiency symptoms have also been descnbed m rats by Pavcek 
and Baum (228) i\ ho beheved that a lack of inositol causes the so-called “spec- 
tacle-eye” syndrome 

Gavm and McHenry (225) reported m 1941 that the mclusion of mositol m the 
diets of white rats would prevent the biotm type of fatty hver, caused by the ad- 
ministration of biotm m conjunction with thiamm, nboflavm, pantothemc acid 
and pyndoxme Inositol not only prevented the accumulation of fatty acids but 
also the mcrease m cholesterol content which is characteristic of this t 3 TDe of fatty 
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liver It was stated that this hpotropic action of inositol resembled that of 
hpocaio but it iviis not said that hpocaio owed its activity to mositol contamed m 
the preparation, although such an mference could hai e been drawn 

Attempts to demonstrate n hpotropic effect of inositol m depancreatued dogs 
were subsequently reported by two groups of workers (Owens, Allen, Stnnger 
and Dragstedt, 229 , Rubin and Ealii, 230) Oivens et al found that mositol had 
some hpotropic effect but not as much as was shown by an identical amoimt of 
hpocaic Inositol appeared to have httle influence upon prolongation of hfe, 
upon insulin tolerance, or upon body fat, hpocaio did affect these It was 
inferred that, while hpocoic may contam mositol, the various effects produced by 
it m depancreatiied dogs ore not given by mositol and that iipocaic probably 
contains n qmte different, umdenUfied, hpotropic substance A somewhat sim- 
ilar conclusion was drawn by Rubm and Ralh Because of the extensivo ex- 
perience of both groups of mvestigators one is mchned to accept these results, al- 
though it should be pomted out that a small number of dogs was used m both 
cases and that it was not possible to try a great range of dosage of mositol If the 
results are accepted, the conclusion is vahd that hpocaic contains an unidentified 
substance It may be added that preparations of hpocaic exanuned m the re- 
viewere’ laboratory have contamed sufiicient mositol to account for their hpo 
tropio potency in rata 

i^gel (8) has studied the effects of mositol m pievcntmg fatty livers in rats 
The animals received thiamm, riboflavm, pjndoxmc, pantothenic acid, com oil 
and choline m various dosages A maxunal effect was obtamed with 10 mgm 
chohne per day but this amount did not ensure a normal quantity of hver fat 
This was secured bj providing 3 mgm mositol m addition to chohne The 
hpotropic action of mositol, demonstrated by Gavm and McHenry, was cor- 
roborated Although Engel did not use biotin, his results show that a type of 
fatty hver refractory to chohne was secured and that mositol was effective under 
the conditions used A more recent paper by Gavm, Patterson and MoHeniy 
(93) describes several circumstances under which mositol is effective Smee this 
will be discussed m a subsequent section, detailed reference will not be made to 
it here 

Although there is httle experimental evidence regardmg the mechanism by 
which mositol exerts a hpotropic action, some mterestmg speculations may bo 
mode Anderson and associates (231, 232) showed that inositol was present m 
phosphohpid combination in the tubercle bacillus and in soy beans Folch and 
Woolley (134) reported that inositol was contamed in considerable amounts in 
naturally occurrmg phosphohpids of animal tissues It might bo suggested that 
mositol, llko chohne, owes its hpotropic activity to participation m the formation 
of certam phosphohpids It is of mtcrest that mositol is effective under condi- 
tions unfavorable for the action of choline, particularlj when large amounts of 
cholesterol are present in the hver Complete analyses of inositol and chollne- 
contaimng phosphohpids might provide vraluable information regardmg the 
mode of action of the two factors It imght be possible, for example, that a 
different selection of fatty acids is made to form inositol phospholipids from those 
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whicli combine ivitb cbobne Inositol ■vrould appear to have some relation to 
cholesterol metabolism but the relationship is unknown 

CkiMP ARISON OF THE EFFECTS OF LIPOTROPIC FACTORS It seems advantageous 
to brmg together amilable information regarding the types of fatty hvers which 
are affected by the three prmcipal hpotropic factors For this purpose it is as- 
sumed that with chohne may be grouped substances like methiomne which 
enable chohne to be synthesized in vwo, and also compounds which are related to 
chohne, like tnethyl chohne The information has been summarized m table 3 
Separate hterature references are not provided because the activity given m the 
table 18 the reiuewers’ opmion based on an examination of a large number of 
papers already listed In some cases the activity has been verified in two or 
more laboratones, such instances are noted with an asterisk In those cases m 


TABLE 3 

Companson of the effects of Ixpoiropic factors 


SEOnCTH USED FOE PIODlJCnOK OF FATTY XJVESS 

CEOLXKE 

tIPOCAXC 

iHOsrroL 

Depancreatized dogs 

-1-+* 

4-4* 

-? 

Rais 




High fat diet, thiamm 

++* 

0 

— 

High fat diet, all B vitamins 

++• 


— 

High fat diet, cholesterol 


0 

4 

Fat-free diet, thiamm 

+4-* 

— 

0 

Fat-free diet, thiamm and riboflavin 

Fat-free diet, thiamm, riboflavin, pyndoxine and 

4-4-* 

“ 1 

— 

pantothemc acid 

4-* 

— 

4* 

Fat-free diet, above 4 vitamins and biotin 

0 

44 

-j ^ 

Fat-free diet, B vitamins and cholesterol 

+ 

4 

4 


Note -(~F Strong lipotropic action 

-4- Moderate lipotropic action 
0 No lipotropic action 
— Lack of data 

* Verified in tii o or more laboratones 

which the activity has been descnbed m one report only there may be some 
doubt as to the vahdity of the conclusion 
This comparative table has been prepared for several purposes It summarizes 
existmg information m a small space It draws attention to the fact, which has 
often been ignored, that all fatty hvers are not alike m their response to hpotropic 
agents In domg this, questions may be raised as to the differences which 
probably exist m the composition of the fats present m the livers It wiU be 
noted that m the small number of instances in which companson has been made 
there is some correspondence between the effects of hpocaic and of inositol The 
sumlanty is possiblj'' not true m depancreatized dogs and there seems to be a 
distinct difference with regard to fatty livers produced by a high-fat diet con- 
taining cholesterol The latter mstance is based on one report from one labora- 
tory and there is no confirmation 
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Why should nn alteration m the B vitamin supplements lessen the otfect of 
chohne and make it possiblo for mositol to exert a hpotropio action? Possibly 
this IS due to a change m the fatty acid composition of the hi er One might 
speculate that choline inll combme with certam fatty acids to form a phos- 
phohpid, while mositol selects qmto different acids Some mformntion could be 
secured by analysis of the two types of phospholipids There is practically no 
information regarding the mechanism by which hpocaio causes fat to be removed 
from the liver It should be pomted out that hpocaic and mositol, unlike chohne, 
have a deBmte effect upon cholesterol metabolism UnfortuimteU , m the case of 
hpocaic, there is still no information regardmg the chemistry of the active 
constituent 


stmuARy 

Under normal conditions the amount of fat m the hi er is fairly constant An 
accumulation of excess fat is evidence of an alteration m metabolism In gen- 
eral it may be said that the production of a fatty liver is due to either a failuro m 
transport of fat from the hver or to a rapid withdrawal of fat from body stores at 
a rate so great that the hver is unable to cope with the fat brought to it Hcr- 
shey, m his mitial studies on fatty hvere in depancrcatixed dog8,nssumed that a 
failure m transport was responsible Acceptmg tho thesis that phospholipids 
were essential for fat transport, Herahey fed Iccithm to his animals and secured a 
marked reduction m hver fat These results ga\ e nse to exUnsiv e mvestigations, 
m a number of laboratories, on the cause and prevention of fatty hvere Best 
and associates show ed that it was urmecessary to feed lecithm smcc one con- 
stituent of the phosphoUpid, chohne, was sufficient to restore conditions to 
normal The olmous, and most simple, explanation of the hpotropio action 
of chohne, that it promoted tho formation of phospbohpids, was vahdated by 
the work of Welch and of Perlman and Chaikoff A molecular structure 
similar to that of chohne m general con6guration appears to ho necessary for 
the formation of phospholipids of the leatbm type , various substitutions may be 
madewithm thomoleculewithretentionofhpotropicactivity The effect of pro- 
temuponfat transport has been satisfaetorily explained as being due to the supply 
of methyl groups from methionine for tho synthesis of cholme, for which process 
cthanolamine must also bo available The mvestigations on transmeth} lation 
have shown, as well, that chohne may furnish methyl groups for several bio- 
logical processes This is the second function of cholme for which there is 
dehmte evidence hut it is one which is not related to hpotropic activity A 
third, and obvious, idle for cholme has been suggested, the formation of aeotyl- 
chohne There have been described a number of effects of choline deBclency 
which are not clearly related to any of tho three functions ascribed to cholme It 
would seem hkely that some of these maj be due to the failure of fat transport, 
this is particularly probable m the case of kidnc} lesions 

While it appeared likelj for a short time that choline was the onlj constituent 
of pancreas which reduced the amount of hver fat in dopancientised dogs, the 
work of Dragstedt and associates has established the presence of another hpo- 
tropio substance m pancreas, a factor to which Dragstedt gav e the name hpocaic 
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The chemistry and mode of action of hpocaic are unknomi In contrast to most 
early reports, mvestigations in the reviewers' laboratory have shoivn that the 
lipotropic effect of hpocaic can be easily demonstrated m rats, provided that a 
smtable tjTpe of fatty liver is used It should be recogmzed that all fatty hvers 
are not alike and that the action of a hpotropic agent is conditioned by the 
character of the lipids in the hver The contention that hpocaic is a hormone has 
not been substantiated Further mvestigations, particularly of a biochemical 
nature, upon the mechanism of production of fatty hvers m depancreatized 
animals and upon the function of hpocaic vrould be advantageous 

It has been established that mositol acts as a hpotropic factor m the rat and it 
seems likely that this activity is due, hke that of chohne, to the formation of 
phosphohpids An alteration in the B vitamm supplements will so change a 
fatty hver that it is resistant to the action of chohne but susceptible to that of 
mositol It would be interestmg to determme the changes which are produced m 
the hver hpids, and which probably determme the activity of the hpotropic 
agents 

While the mvestigations on hpotropic factors have not, as yet, yielded results 
which can be apphed to the treatment of disease m humans, they have opened a 
new approach to the study of fat metabolism The chief value of the work on the 
hpotropic action of chohne has been to provide additional proof for the part 
played by phospholipids m fat transport New information has been made 
available regardmg transmethj lation, about the effects of B vitamms upon fat 
metabolism, and concerning other hpotropic factors The mvestigations have 
shown the paucity of our knowledge of fat metabohsm and have mdicated ques- 
tions for further research 
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The term mehtuna usually designates the appearance of any sugar in the urine 
in amounts which can be detected b> the reagents commonly used for the 
purpose Small amounts of reducing substances are always foimd m mmute 
quantities, but their presence can only be detected by the use of special methods 
It IS questionable whether these substances are hexoses, Neuwirth (46) and 
others have observed that some of the material is fermentable in part Peters 
and Van Slyke (49) came to the conclusion that normal unne does not contain 
more than 0 002 per cent of glucose and that the rest, reactive to alkalme copper 
solutions, consists of substances other than glucose, presumably glucuromdes, 
ascorbic acid, phenols and unknown carbohydrates of possible ketone nature 
The quantitative appearance of any substance in the urme depends on its 
renal threshold Due to the fact that this paper deals, to a considerable extent, 
with the ^ycosunas, this renal function is bnedy discussed The threshold for 
glucose IS commonly given as 150 mgm to 180 mgm In a senes of blood sugar 
studies by this author and co-workers (6, 19, 7) it was found that the accepted 
maximum can be considerably exceeded (220 mgm ) without glycosuria becoming 
evident Benedict and Osterberg (4) consider the glucose threshold “wholly an 
artifact ” They admit that the causes leading to hyperglycemia and subsequent 
glycosuria are usually the same, but question the necessity of a causal relationship 
of the two phenomena In an earher paper the same authors (3) claim that 
“the normal organism is truly diabetic m that it has no absolute tolerance for 
carbohydrate “ For further information, the reader is referred to the very 
thorough discussion of this question by Macleod (35) and to the work of Camp- 
bell and collaborators (9) 

The proposal of Lusk (34) that ^ e must distmguish between glj cosunas caused 
by an overstmned tugaT holdxng capactly of the organism on one hand and the 
glycosuria of diabetes melUtus, due to an impaired sugar hnmtng function on the 
other, will be of help in the classification of the \anous melitunas 
Alimerdary glycosuna becomes evident whenever the sugar holdmg capacity 
of the body is exceeded This capacity is influenced by the dietary habits of 
the mdividual, i e , it depends on the question whether the habitual intake of 
carbohydrates is largo or small It is a well known fact that the ingestion of a 
given amount of glucose, followed by an equal dose after a certain amount of 
time, produces first a nse in the blood sugar which is followed withm an interval 
of one hour or so by a fall This is known as the Staub-Traugott (68, 60) effect, 
although it was obsen ed earlier by Homman and Hirechman (22) In attempt- 

159 



170 


JOSEPH C BOCK 


mg to diagnose an ahmentarj’- glycosuna resultmg from a supposed overloading, 
we must ascertam if the excessu e mtake took place on a fastmg or nearly empty 
stomach It is known that alimentary glycosuna is more apt to occur under this 
condition as observed bj" Goldblatt and Ellis (20) 

Accordmg to Joshn (25), the follo\vmg precautions should be taken whenever 
alimentary glycosuna is encountered 1, correct diagnosis, 2, medical supervision, 
and 3, blood and urme tests at least yearly 
Renal glycosuna, erroneously referred to as renal diabetes or diabetes innocens, 
IS a condition m which unnary glucose is found throughout the day even m the 
overnight fastmg specimen It is associated with normal carbohydrate utiliza- 
tion as expressed by the R Q The amount of sugar is largely mdependent of the 
diet and the threshold is low (56-100 mgm ) The condition is m all probability 
due to an impairment of the tubule cells, affectmg the function of reabsorption 
of the sugar- Phlorhizm produces renal glycosuna It also inhibits markedly 
the phosphorylation processes of the body Because of these facts, the conclu- 
sion presents itself that the dimmished resorptive power of the kidney m renal 
glycosuna is due to a disturbance of the phosphate exchange The condition is 
rare Joshn and co-workers (25) report the mcidence of 62 cases m 18,000 
mehtunas, 9 of the above bemg renal glycosunas of pregnancy Fowler (16) 
found 7 among 4000 and Marble (39) records 16 renal glycosuncs m 9000 patients 
•with unnary sugar 

It IS e-rtremely doubtful that renal glycosuna may progress to diabetes melhtus 
Joslm (25) had 45 cases imder observation for a penod of 10 years or more Not 
one of these developed diabetes meUitus In one of the cases reported, sugar m 
the urme was discovered at the age of ten, m quantities nsmg occasionally to 5 
per cent or more The person v as 58 years old m 1940, is on a shghtly restncted 
diet, m good health, the father of five normal children 
The renal glycosuna of pregnancy was observed by Frank and Nothmann (17) 
and by Numberger (48) PiUman-WiUiams and Wills (50), as veil as Rowe, 
Galhvan and Matthews (52), report the appearance of unnary glucose of bemgn 
aspect durmg the antepartum penod m 35 to 60 per cent of the cases studied 
The blood sugar levels v ere nearly normal, ivith a tendency to faU as pregnancy 
progressed Only its impermanence distmguishes this type from ordmary 
chrome renal glycosuna The condition has been used as the basis of a preg- 
nancy test bj*^ Welz and Van Nest (62) 

When renal glycosuna is suspected, carbohydrate tolerance tests and identifica- 
tion of sugar are of prime importance Dietary rules should mclude a restncted 
mtake of actual sugars, ■with directions for a hberal calonc sustenance The 
patient should remam under his phj’^sician’s care until the harmless character of 
the condition is firmly established The normoglycemic glycosuna of pregnancy 
should receive special attention because cases have been reported where diabetes 
melhtus developed m the second pregnancy' 

Emotional (psychic) glycosuria As early as 1878 it v as observed that excite- 
ment or pam caused the appearance of sugar m the unne Bohm and Hoffmann 
(8) found that when cats not under anesthesia v ere tied to the opefatmg table. 
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and -when tracheotomy was performed, glj cosuna of eei eral hours’ duration was 
observed Thej called this phenomenon “Fesselungs Diabetes ” Cannon and 
his co-workers (10) found unnarj sugar In cats following fright or rage How 
ever, under the same experimental condition, no glycosuria was noticed after 
adrermlectomj This observation conjoined with the fact that normal a nim a l s 
showed an increase in epmephrme secretion under excitement pomted to the 
influence of the adrenals on the blood sugar level and carbohj drate metabolism 
Cannon first used the term "emotional glycosuria” 

Fohn and associates (16), as well as Malmirwirta and Mikkonen (30) found 
glycosuria m students after course or subject examinations, the percentage of 
glj cosuna m the group mcreasing with the seventy and importance of the tests 
Psj chic or emotional glycosuna was observed m soldiers under fire, as cited by 
Mieth (43) and by Marotion (38) m aviators Cannon (11) found unnarj 
glucose not only m football players actively participating in the game, but also 
among the substitutes on the bench, as well as m spectators Maim (37) ob- 
sen ed transient glj cosuna when patients were informed that they would have 
to undergo surgery Kooy (27) explains the glj cosuna of melancholia and 
manic excitement by the fact that the emotional state is resjionsible for the high 
blood sugar, the melancholic depression differmg from normal gnef by bemg 
mixed with amaoty, and manic excitement varymg from normal joy because of 
its association wdth Irrltabihty 

A doctor’s thesis by hFieth (43) is of decided interest m the present problem 
It deals m detaU with the psychic influences on carbohydrate metabolism not 
only from the position of sex, family or race, but also from the standpomt of 
occupational factors 

Emotional glycosuna of transitory nature can certamlj be called harmless 
If, however, the underlying cause is a state of prolonged w onry and anxiety then 
the problem must be considered from the jioesible diabetogemc” angle Von 
Noorden (47) points to the fact that "high strung” fieople are more apt to become 
diabetics than the phlegmatic tjTie Lichtwiti (33) classifies certain vocations 
os 'diahetogemo profesrions”, i e , calhngs where the productive attempt is 
coupled with jisychio excitement and heavy responsibilities The wealth of 
obsen ations relative to the psychic or emotional influence on the metabolism of 
sugars should serve to remind us that the mental state of the diabetic must 
receive serious attention relative to the projior management of the disease 

Lactosurta An mcrease m the reducing power of the urme of a pregnant woman 
was first observed by Lehman in 1850 (31) Hofmeister (23) obtamed from the 
unne of a jiartunent woman a crystallme substance which had all the profiortiea 
of lactose Watkins (01) and later observers find that laotosuna occurs m 
\ arying mtcnsity toward the end of pregnancy A sudden marked mcrease of 
lactose IS noted during the last two or three days before dehi'etj , the maximum 
leiel being reached at the time of jiartuntion After delii erj there is an immedi 
ate drop and this low level is maintained from tw o to six day s This is then very 
frequently followed by an abrupt and often tremendous mcrease in the sugar 
chmmation, with subsequent marked fluctuations, lasting for about one month 
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Thereafter, the unne lactose assumes a lower and more constant level The 
subsequent downward trend is usually augmented by the weamng process It 
might be of mterest to mention that the tolerance to lactose is mcreased dunng 
menstruation In the intramenstrual penod it is the same as that of normal men, 
the tolerance dose bemg about 10 grams 

GciUictosuna has been observed m sucklmgs and in patients following a galac- 
tose liver fimction test In infants as well as m adults, the condition has been 
known to occur but alwaj’^s under pathological conditions usually mvolving the 
liver or the spleen Such observations are found m the publications of Goppert 
(21), Bansi (2) and Mason and Turner (42) 

Essential fructosuna (levvlosuna) is a rare abnormahty, a bemgn congemtal 
error of carbohydrate metabolism In normal mdividuals 80 per cent of the 
ingested fructose is converted to glycogen,' the remamder gomg to lactic acid 
In a case of fructosuna, 10 to 20 per cent of the ingested levulose is excreted in- 
stead of bemg metabohzed According to Sachs and collaborators (53) and to 
Silver and Remer (56) the disturbed fructose metabohsm is possibly due to the 
lack of a specific enzymatic action of unknonm location, probably m the hver, 
mtestme or blood Jacobson (24) ascnbes the phenomenon to an mcreased 
permeabihty of the kidney to this particular sugar Fructose is less rapidly ab- 
sorbed from the mtestme and is utilized at a rate of only one-tenth of that of 
glucose Soisalo (57) determmed the fructose tolerance of three normals givmg 
1 gram of the sugar per kilogram of body weight He found the highest level at 
5 to 6 mgm per cent and the renal threshold just below this figure Joshn 
(25) gives a threshold value of 11 mgm per cent (1 case) 

Fructosuna was first observed by Zimmer (63) and at the present date there 
are approximately 60 cases reported m the hterature It is generally assumed 
that there is only one fructosunc m more than 100,000 mdividuals Joshn (25) 
reports three cases m a study of 18,000 mehtunas A thorough review of the 
most typical cases can be found m the work of Sachs and co-workers (53) 

The condition persists throughout life, the fructose bemg found m the urme 
m a fixed relationship to the mtake If a suspected fructosunc is given glucose 
there will be no, or very httle, mcrease m the reducmg power of the urme whereas 
if the fructose mtake is augmented, the rise m urmary sugar can be noticed withm 
a short tune by semi-quantitative or quantitative tests (Benedict’s) This 
simple procedure may be of help where only the simplest laboratoiy facihties 
are available 

The probable existence of a hereditary factor has been mentioned by some 
observers Lasker (30), after a careful study of this problem, comes to the 
conclusion that “three classes of evidence mdicate that fructosuna is mhented 
as a Mendehan recessive fructosuna is common among brothers and sisters, it 
IS absent m the parents and children with fructosuna, and parents are frequently 
consangumeous ” 

To establish a positive diagnosis we must have levo-rotation on polanscopic 
exammation, absence of reduction of the usual sugar reagents and no optical 
activity after fermentation, a normal dextrose tolerance curve and identification 
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of the fructose by special tests The Sellvanoll test (55) is the most ividely 
known While this procedure is reliable in the hands of the experienced tech- 
nician, it must be remembered that the typical red color can also be obtained with 
glucose if the heatmg is too prolonged A test that can be performed with the 
simplest eqmpment is described bv Lasker and Enklemti (28) The procedure 
IS as follows 1 ml of urine is added to 6 ml of qualltativ e Benedict’s reagent m 
a test tube The mixture is heated m a water bath for ten mmutes at 65°C 
A yellow precipitate forms if fructose is present Glucose does not reduce under 
these conditions A white precipitate may be due to phosphates Pentoses 
(xylulose) will also react, but can be ruled out, if necessary, by special testa. Fur 
thermore, the possibility that fructosuna and pentosuria could be present m the 
same mdividual is excecdmgly remote Quanbtative tests have shown as high 
as three and one-half per cent of fructose, although the amounts commonly found 
are much less 

Fructosuna has supposedly been observed in rare cases of severe diabetes 
melUtus, one such case is described by Marble and Smith (40) 

PeiUotuna or xj/lulotuna is connected with the appearance of a five carbon 
sugar m the urme The pentoses excreted are not the same as those found in 
vanous chemical combinations m the body tissues, such as nboee and desoxy 
nbose, but m most cases are xj lulose, formerly called 1 xyloketose The 
condition is of no clmical significance smee the metabolism of carbohydrates is 
not impaired 

The mechanism that produces the most commonly occumng urinary pentose, 
i e , xylulose, is not defimtely known Joshn (25) states that the output is 
increased following a diet high m plums, ohemes, prunes and grapes Enklewit* 
and Lasker (14) fed a pentosunc 5 grams of xj lulose isolated from the subject’s 
urme The output of the sugar was increased bj only 0 5 gram A normal 
control showed no reduemg sugar after the same dose The authors conclude 
that both the pentosunc and the normal can metabohie xylulose w hen ndmm 
istcred orally 

It may be that the mother substance will be found through a studj of the glu 
curomc acid metabolism Certam glucuronogenic drugs such os amidopiTm, 
codem, menthol and phenobarbital increase the sugar output whenever pentos 
una prevails These some substances also further the formation of glucuronic 
acid If glucuromc acid itself is fed to a pentosunc, wo find an mcrease m the 
output of the sugar There is a close chemical relationship between glucuromc 
acid and xylulose, the latter is dem cd from the former bj the sphttmg of one 
molecule of carbon dioxide 

The first case of pentosuria was desonbed by Salkowski and Jastrowiti (64) 
who found the sugar in the unno of a morphine addict Neuberg (46) isolated 
and identified a racemic arabinose in a urme Some of the older investigators 
have reported arabinose and other pentoses, but with the advent of more modem 
methods, we must agree inth Levene and LaForgo (32) that the sugar occurring 
in pentosuria is most abvaj’s xylulose and veiy rarelv racemic arabinose 

All reported cases of pentosuria with one possible exception (44) have been 
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Jews or people of distinct Jewish lineage, with the males predommatmg The 
earhest “onset” is reported by Garrod (18) m a child of ei^teen months Pen- 
tosuria IS found m all ages and persists throughout life Alargohs (41) finds all 
mcidence of eleven cases m 22,000 persons examined Blathenvuck (5) found 
about one m 50,000 Joshn (25) discusses mne cases, all of them JevTsh, ranging 
from three years to thirty-tvo years in age, vuth seven males to two females 
Five of these cases have been under observation for ten years or more, all ivuth 
persistent mehtuna, but m good health and with no sign of progress toward 
diabetes melhtus Only one of the above cases show ed a blood sugar which was 
occasionally above normal, but practically no other sjunptoms mdicative of true 
diabetes There seems to be a preponderance of males among pentosuncs It 
must be remembered, however, that many of these are discovered among apph- 
cants for life insurance, where males outnumber the females Among children 
under fifteen years of age, the hterature reports seventeen boys and eight girls 

Pentosuna is of distmct famdial tendency Af Iflercker (1) pomted to this 
possibihty as early as 1912 Lasker and co-workers (29) after an exhaustive 
stud3’^ of this problem, come to the conclusion that the conditions which permit 
or cause xylulosuna are mhented as a simple recessive anomaly It is doubtful 
that there may be other contnbutoiy factors Protas (51) suggests that nenmus 
trauma or infection may be contnbutoiy, but there is a possibility that -the factor 
of drug action was overlooked m the study of the problem 

There are mdications that pentosuna may occur jomtly wth rmld diabetes 
melhtus Earher workers report this observation, but at the same tune admit 
difficulties m the positive differential identification of the sugaifs present Moss 
(44) studied the case of a non-Jewish woman Over a penod of eleven days her 
glucose excretion vaned from 0 00 gram to 3 04 grams, and the pentose from 0 7 
gram to 2 4 grams 

The presence of both sugars comphcates the management of the diabetes, 
because of hj^ioglyceimc manifestations occumng vuth reducmg sugar m the 
unne Insuhn has no influence on the pentose metabolism Edelman and 
Remer (13) descnbe two cases (Jeisush males), one of them a mild diabetic, as 
indicated bj"^ glucose tolerance tests 

To gmve at a diagnosis of pentosuna we must have a positive identification of 
the sugar, an absence of clmical manifestations of diabetes melhtus, a normal 
glucose tolerance curve and, if possible, a historj’^ of pentosuna in the family 
To differentiate betw een pentoses and other reducmg sugar, the Bial test is com- 
monly used A green color is produced bj' pentoses The color can be shaken 
out with amjd alcohol and a typical absorption band near the D hne is obsen’^ed 
on spectroscopic exammation A confirmatoiy test wath aniline acetate paper is 
recommended Glucuronates maj"^ simulate a positne pentose test wath Bial’s 
reagent They can be remo\ ed bj’^ treating the unne wath Merck’s blood char- 
coal As mentioned before, pentoses wall react like fructose if the procedure of 
Lasker and Enklewatz (28) is follow ed It must also be remembered that a unne 
contaimng xylulose wall retain its reducmg powder almost mdefimtelj , whereas a 
glucose urme, unless \ en.^ acid, wall show a greatl}" dimimshed reduction or no 
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reaction to Benedict solution at nil, if alloncd to stand nt room temperature or 
m an mcubator overnight The naphto-resorcinol reaction of ToUens (59) 
distinguishes between pentoses and glucuromdes 

Fermentation methods may pro\ e of distinct help m the identification of the 
sugars encountered m the ^ anous melitunas It has been found that so-called 
baker’s yeast, sometimes used for the purpose, is usuallj not pure enough Other 
mj cologio agents, such as the monibas and certam sugar fermentmg bacteria, can 
be ottamed m pure culture and have been found rerj useful For details, the 
reader is refen^ to the publications of Castellam and Taylor (12) and of 
lOem (20) 

There are or may be a number of additional substances m the unne which give 
or simulate a positive Benedict reaction Maltose has been reported m the 
urme of beer drinkers No positive mdentification of the sugar has been made 
The phenomenon could be due to a deficiencj or absence of the widely-distributed 
eniymo maltose Alkaptone bodies will give a reduction with the alkahne 
copper reagents The supernatant fluid, however, is brown or greenish brown 
instead of bine Bismuth reagents are not reduced and there is no fermentation 
by yeast Some derivatives of glucuromo aad will reduce Benedict’s reagent. 
The gluouronides or bensoic or saho>Uc acid are hydrolysed by allah, the 
phenolic denvatrves are not 
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EXTRINSIC FACTORS THAT INFLUENCE CARCINOGENESIS 
HAROLD P RU6CH 

ifcArdle Mcmortizl Laboralory, ifedical School Umvsmty of T7««m«n iladioon 

One of the most fundamental discovenes m the entire field of cancer research 
is the observation that certain chemical or physical agents are capable of induc- 
ing tumors when brought m contact with living tissue This discovery was 
followed by extensive experimentation and by the accumulabon of volummous 
data on the production of neoplasms with the vanous caremogenie agents 
Detailed studies have been made of the relation of chemical structure or of 
specific wavelengths of radiant energy to carcmogenicity, of the ehmlnabon of 
chermcal carcinogens from the body of the vanations observed among species, 
strains and tissues, of age, sex, heredity, hormonal and extrachromasomal m- 
fluences, and of the extraneous physiological effects of the carcinogen Most of 
this information has been summanied previously (34 62, 64, 66, 76, 81, 87) 
The purpose of the present renew is to assemble the information available on 
vanous extnnslo factors that alter the action of the caremogens No attempt 
has been made to raclude expenmenta dealing with established neoplasms In 
general, m studies of this type, animals are treated with a carcmogen and m 
addition some other factor is admmistered by any of several methods The 
studies appear to be motivated not only by academic cunosity but also by the 
hope that sufficiontli extensive mformahon on factors that alter carcinogenesis 
might lead to an understandmg of the carcinogemc process itself or, in other 
words, to the cause of cancer 

This objective is still far away , and from the larger pomt of new the available 
data, though extenarve are indeed quite fragmentary One fundamental ques 
tion of mtcrpretation can be raised against each of the experiments discussed 
To what extent is the observed result concerned with the carcmogemo reaction 
itself and to what extent is it merely an expression of a change m the metabolism 
of a specific carcinogen? To illustrate, the mjection of benzpyrene dissolved m 
mouse fat results m fewer tumors than when it is mjected m a vegetable oil (66) 
This might indicate the presence of an anticarcmogen m mouse fat, but it is 
equally possible that a more rapid elumnation of soh'ent with a corresponding 
quickened removal of the carcmogen occurs when mouse fat is employed Ao- 
oordmgly , the results cannot bo properly evaluated until the means are available 
whereby the necessary distmction can bo made 
Extrinsic factors may either accelerate or retard the formation of neoplasms, 
and they may be offectii'e just prior to, dunng or foUowmg the admmistration 
of the carcmogemc agent. Thus phrases such as "the production of those bio- 
logical changes which represent the latent penod of carcinogenesis ’ "the prop 
nration of the soil,’ “the precipitation of a tumor at a site previously rendered 
neoplastic” haNe come mto use For the purpoeo of the present discussion the 
terms proposed by Bercnblum (29) will bo followed 

Anttcareinooenie action The Inhibition of the proeesi of cnrcinogeneeis 
Cocarcinosenic aelton The augmentation of carcinogeneela bj a noncarcinogcnic agent 
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This occurs vrheu the appropriate agent is applied concurrently with a carcinogen which is 
acting under suboptimal conditions 

Precarctnogentc action The production of a preneoplastic condition Such an effect 
would be demonstrable by a shortening of the latent period of carcinogenesis in subsequent 
treatment with a carcmogen, or by preparing the ground for the subsequent action of an 
epicarcinogemc agent 

Eptcarcinogentc action Theproduction of tumors in a tissue previously rendered preneo- 
plastic 

Metacaranogenic action The conversion of a benign into a mabgnant tumor 

As might be expected, the dose of carcmogen is extremely important m de- 
termimng the rate of cancer production, and extensive information on this sub- 
ject IS available not only for the hydrocarbons (41, 42, 45, 65, 70, 75, 87, 113, 
183), and for the azo dyes (6, 96, 132, 185), but also for ultraviolet irradiation 
(11, 35, 36, 37, 181) Unfortunately for a study of extraneous factors on car- 
cmogenesis, doses frequently have been selected for the production of the maxi- 
mum number of tumors m the shortest time, a techmque obviously not smted 
for testmg the mfiuence of factors that might cause some alteration of carcmo- 
genesis Several mvestigators have shown that the effect of certain agents might 
be obscured when overwhelmmg doses of carcmogen were employed (13, 46, 65, 
183, 197) A satisfactoi^’’ procedure is to administer the carcmogen at a level 
that wiH mduce tumors m about 50 per cent of the animals If the agent has 
been previously shown to have an augmentmg action, it is desirable to test its 
effect on carcmogemc doses which by themselves induce less than 50 per cent 
tumors, whereas if a known inhibitor is used, the dose of carcmogen can be in- 
creased somewhat 

The INFLIJENCE OF AGENTS ADMINISTERED DIRECTLY TO THE REGION OF 
CARCINOGENESIS A Chemical Agents Solvents One factor that can influ- 
ence the carcmogemcity of a hydrocarbon is the medium m which it is dissolved 
There appears to be good agreement that the development of neoplasms is 
retarded when crystalhne hydrocarbons are mjected subcutaneously by methods 
that leave a deposition of crystals withm the tissues Vanous mvestigators 
have shown that the mjection of hydrocarbons as powders, pellets, or as crystals 
moistened with a lubncant produce tumors less rapidly and m fewer animals 
than when given m oil solution (6, 7, 162, 201) Furthermore, the mcidence of 
tumors was lower and the latent penod longer when hydrocarbon-cholesterol 
pellets were mtroduced mto the subcutaneous tissues of mice (186, 187), but it 
IS difficult to make direct comparisons with other methods because of the differ- 
ent amounts of hydrocarbon that come m contact with the tissues when cho- 
lesterol pellets are employed Peacock and Beck (162) beheve that the mduc- 
tion of sarcomas foUowmg the mjection of hydrocarbons m vanous solvents is 
chiefly dependent upon the rate of absorption of the carcmogen 

Hydrocarbons have been apphed to the surface of the skm m many solvents, 
but no marked differences have been observed among the common orgamc sol- 
vents (53) and benzene seems to have the greatest populanty, although dioxan 
(109), acetone (29) ether plus mmeral oil (57), and benzyl alcohol (182) have 
the advantage of bemg less toxic than benzene Twort and Twort (205) ob- 
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served a stimulation m the rate of caremogenesis Mith dibenamthracene, methjl 
cholanthrene or benipyrene when chloroform was used as the solvent Crab- 
tree (66) found that the average mduction time for papillomas was significantly 
lower when ether plus 2 per cent of hqmd paraffin replaced beniene as a solvent 
for benipyrone or when acetone plus 2 per cent paraflfin was used instead of 
bensene as the solvent for dibcnsanthracene 

Fais and odt Vanous fata and oils are among the most common substances 
employed as solvents for the caremogome hydrocarbons and a pronounced m- 
fluenco on tumor genesis has been observed with these substances Tho mcidence 
of tumors is high following the subcutaneous mjection of caremogens dissolved 
in vegetable oils (com oil (13), cottonseed oil (179), sesame oil (190), nrachis oil 
(10), olive oil (182)), synthetic gljxendes (188), lard (6), or paraffin (69), whereas 
fewer neoplasms are produced when fatty extracts of animal tissues are used as 
tho solvents (49, 65, 145, 161, 162, 212) Lard, an animal product, appears to 
be tho smgle exception to this general rule 

Peacock and Beck (162) reported that the mjection of 0 6 to 1 mgm of beni- 
pyrene dissolved m mouse fat produced only a ferv tumors whereas caremogemo 
activity was pronounced when the solvent was ohve oil, or a mixture of 1 ohvo 
od and i paraffin Morton and Mider (146) obtamed only 1 tumor m 44 mice 
that had received subcutaneous mjections of 0^ mgm of benipyrene dissolved 
in a petroleum extract of mouse carcasses, while the same amount of hydrocar 
bon dissolved m sesame oil produced 30 tumors in 46 mice Didcans and Weil 
Malherbe (65) observed that the subcutaneous mjection into mice of solutions 
of 03 mgm of beniyprene In sesame od or m nrachis oil gave rise to tumors m a 
large proportion of the mice, whde the same dose of benipyrene m either the 
liquid or the solid fraction of mouse fat produced only a few tumors For the 
suppression of caremogeme activity , it did not appear necessary that the hpoid 
matonnl be of homologous origin smee a mixture of fats and lipids obtained from 
ox brain Wes' equally effecU\-e (65) 

On tho contrary, Obcrhng and his collaborators (150 167) and Bhimkin and 
Andervont (188) did not observe any retnrdmg effect of rat or mouse fat Tho 
latter workers, however, used comparatively large amounts of carcinogen 25 
to 75 mgm of bcnzpyTcne (160, 187) or 0^ to 1 0 mgm of raothylcho 
lanthrcno (188) More recent a ork by Bryan and Shunldn (42) and by Sail and 
Shear (183) indicates that about 0 02 mgm of methvlcholonthreno is sufficient 
for the development of tumors m 60 per cent of thoir mice 

Peacock and Beck (102) nttnbute the anbcarcinogenic action of homologous 
fat to the more rapid elimination of tho sohent from the injection site, with a 
corresponding rapid removal of the carcinogen Certain obsen ations of Dick- 
ens and Weil Malherbe (06) while not neccssanli contradicting this explanation, 
neicrthclcss fail to supjiort it a, ‘the persistence of subcutaneous lumps near 
tho injection site of the liquid mouse fats apparently indicating a lery slow 
dispersion of the injected solution, b, tho fact that the solid fraction from mouse 
fat which miglit bo expected to be eicn less readily dispersed and which also 
gn\ 0 rise to many pennstent lumps was slnularli cffectiv o m preventing tumor 
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formation ” These mvestigators imply that certam nniTnal fats contam sub- 
stances that are anticarcmogemc 

Another explanation is that the differences observed m tumor mcidence when 
the hydrocarbons are dissolved m vanous fats are due to varymg amounts of 
mgredients that augment or retard the carcmogemc process itself In a very 
extensive and careful study of the effect of solvents on carci logenesis due to 
hydrocarbons, Leiter and Shear (113) found differences m tumor formation 
between two different fractions of good quahty pure leaf lard The lard was 
filtered at 38°C for 24 to 36 hours through coarse paper The fraction that was 
hquid at 38° and which passed through the paper was designated “lard filtrate,” 
and the matenal remaming on the filter paper was designated “lard residue ” 
When the lard filtrate was used as a solvent for benzyprene the mcidence of 
tumors varied widely although tumors usually developed m a high proportion 
of the animals The variations were attnbuted to different proportions of 
retardmg and promotmg substances m the vanous specimens of lard filtrate 
employed Lard residue exercised a stnkmg retardation of tumor genesis by 
benzpjuene Fractionation of lard, roughly accordmg to degree of saturation 
of the fatty acids, mdicated that the more saturated samples caused the greatest 
inhibition of carcmogenesis Furthermore, tnstearm and tnpahmtm also m- 
hibited tumor formation (113) 

StUl another explanation for differences m tumor mcidence with vanous fats 
was suggested by the observation that benzpyrene dissolved m mineral oil or m 
vegetable oil survived oxidation in vtiro for many weeks, but that m the presence 
of hnoleic acid, the hydrocarbon had almost entirely disappeared withm three 
weeks (160) The addition of a-tocopherol to the hnoleic acid greatly mcreased 
the time required for the disappearance of the hydrocarbon Vegetable oils 
contam considerable amounts of antioxidants and their stabihty to autoxidation 
IS well known (158), whereas ammal fats contam only small amounts of inhibitols 
and are qmte susceptible to rancidity (158) Thus a loss of benzpyrene might 
occur when it is dissolved in an ether extract of animal tissues The mjection 
of such a mixture would m effect, then, only result m the administration of less 
carcmogen On the other hand, when a stable oil was used as a solvent, httle 
destruction of the hydrocarbon occurred The successful production of neo- 
plasms with lard as a vehicle for the hydrocarbons suggests the possibihty 
that lard is more stable to oxidation than are the ether extracts of animal tissue 
It would seem wise to test this pomt 

Apparently the effect of fats on the genesis of tumors is a complex one and no 
smgle theory covers all the known facts Furthermore, generahzation is diffi- 
cult because the influence of certam fats may vary accordmg to the technique 
of admmistration Thus, Watson (212) demonstrated that pmene tar mixed 
with an ether extract of rat tissues augmented the formation of skm tumors when 
apphed to the surface but prevented tumor genesis when mjected subcutaneously 
Watson and Mellanby (213) pamted the skm of mice with a petroleum ether 
extract of mouse fat before tarrmg and observed an enhanced formation 
of tumors Morton and Mider (146) also noted that the "fat effect” vaned with 
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the mode of admuustration When a petroleum ether extract of mouse carcasses 
was used as a solvent for bcnspyrene which was injected subcutaneously or 
apphed directly to the skm, tumor formation was retarded, but when this same 
mouse fat extract was pamted on the akin 20 to 30 imnutes pnor to the apphca 
tion of benipyrenA, formation of skin tumors was augmented Baumann, Rusch 
and co-workers (16, 91) observed that tumors were formed faster when 05 per 
cent benrpyrene was apphed to the skm m a solvent contaimng cholesterol in 
cottonseed od than when beniene was used as the soh ent In a continuation 
of this problem, Lavik and Baumann (110) tested the effect of other fatty sub 
stances on the skin of mice that were also bemg painted with a solution of 05 
per cent methylcholanthrene The carcinogen was applied twice weekly for the 
first 2 months of the experunent, and either oleic acid, potassmm oleate solution, 
cottonseed oil, or a 6 per cent solution of cholesterol m cottonseed oil was apphed 
at the site of caremogenesls on days when the hydrocarbon was not painted. A 
delimte mcrease m tumor mddence resulted from the local appheataons Twort 
and Twort (206) reported that oleic acid augmented the development of skin 
tumors and suggested that c^ rendered abnormal by a few applications of 
benipyrene quickly passed mto the irreversible cancerous phase when stimu 
lated by this fatty acid Contrary to these findmgs, oleic acid has been shown 
to inhibit the activity of the chicken tumor virus (88) Tumor growth has 
also been inhibited bj the injection of fatty aads (19, 162) In this connection, 
jt would be mtercstmg to test the effect of the more unsaturated Imoleio acid on 
tumor formation 

Mineral od, m contrast to most oils of biological origin, did not augment the 
genesis of skm tumors, and a hen this substance was used as a solvent for the 
surface appheation of methylcholanthrene it actually retarded caicmogenesis 
somewhat (170, 205) Recently Simpson and Cramer (189) noted that the 
caremogenio activitj of methylcholanthrene was almost completely suppressed 
when dissolved m anhj drous lonolm and applied to the skm, thus confirmmg an 
earher recommendation of lonolm as a protects e agent agamst tar dermatitis 
(204) Lonolm is a mixture of variable comjxisition and is known to contain 
phospholipoids and sterols as n ell as neutral fats Since cholesterol alone has 
httlc mlluenco on carcmogencslB either of tho skm (170) or of subcutaneous tis- 
sues (186), studies of the effect of phospholipids on tumor genesis apjiear to be 
mdicated 

Certain oils applied to the ears of tmee o.xjiosed to ultraviolet radiation caused 
n iTry considerable acceleration of tumor development (170) mmeral oil, and 
cholesterol in cottonseed oil vrere particularly offcotive, cottonseed oil, ohvo oD 
and wheat germ oil gave moderate acceleration, while hnsecd oil retarded tumor 
formation Tho retarding effect of this latter oil w as ascribed to the formation 
of a film of oxidircd oil which decreased the penetration of tho carcinogemc 
hght Because jieroxido formation has been observed when cholesterol and 
certain oils arc irradiated in air, two jieroxidea, benroyl fieroxide and hj-drogen 
Jicroxide, were apphed to tlic cars of mice receiving irradiation, but they were 
nithout effect on carcinogenesis Qlycorol was also ineffective Furthermore 
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none of several irradiated oils had any carcmogemc properties The accelerat- 
ing effect of the oils on carcinogenesis due to hght ivas ascribed to the presence 
of a thin film that formed a smooth surface on the ears and thus decreased the 
reflection of hght from the skm Presumably under these conditions, more 
radiant energy penetrated to the deeper layers of the tissues However, it is 
also possible that the activity of the cells themselves was altered by the presence 
of oil (176) 

Virtually all known carcmogemc chemicals are soluble m fat, and the carcmo- 
gemc hydrocarbons are capable of inhibitmg the autoxidation of fats tn vitro 
(63, 64, 178) They imght also mterfere with fat oxidation withm the cell Fur- 
thermore, the fats, as a group, appear to be more effective m infiuencmg the 
activity of a wider range of carcmogens than any other type of agent It would 
appear, therefore, that no theory which attempts to explam the mechanism of 
carcmogenesis can cover all the facts unless some phase of fat metabolism is 
mcluded withm it 

Irritants Another group of substances that affect the formation of tumors 
might be designated as “untants” although not aU untatmg substances affect 
carcmogenesis Imtation, itself is not an easily definable entity ‘Tt is, m 
fact, a vague generalization representmg many different kmds of mjury or stimu- 
lation of the tissues Attempts have been made to classify imtants accordmg 
to then action on the epithehum, hair folhcles, blood vessels, nerve endmgs, etc , 
and accordmg to whether the effects on the epithehum are growth stimulatmg, 
astnngent, desiccatmg, or emoUient Owmg to the complexity of action m most 
cases, such attempts at classification have generally proved confusmg and are 
often defimtely misleadmg” (27) 

Earlier writers have frequently considered irritation as a carcmogemc agent 
but recent evidence suggests that it is merely a contnbutmg factor in carcino- 
genesis Croton oil, a powerful imtant, happens to be one of the most potent 
cocarcmogens known Berenblum (28) apphed an acetone solution of 0 05 per 
cent benzpyrene to mice at weekly mtervals and observed tumors m only 3 per 
cent of the ammals This mcidence was mcreased to 37 per cent when 0 5 per 
cent croton od was added to the solution of benzpyrene Croton resm, (50) a 
constituent of croton oil, possessed cocarcmogenic action to an even greater 
degree, the incidence of tumors was mcreased to 80 per cent when the resm was 
apphed with the benzpjTene Both the croton oil and resm v ere demonstrated 
to be themselves devoid of even shght carcmogemc activity The croton lesm 
also precipitated tumor formation m areas previously treated with benzpjwene 
(29) A group of mice received 8 weekly applications of a 1 per cent solution 
of benzpjwene in acetone and the animals were then divided mto three groups 
In the first group, the skin vas pamted at weekly intervals vith a 0 025 per cent 
solution of croton resm in acetone, in the second group, the skm was painted vuth 
30 per cent of turpentme in acetone, while m the third, acetone alone was applied 
as a control The pamting vas contmued for 22 weeks, after which the animals 
were left untreated for a further 6 w'eeks w'hen they were kiUed for histological 
exammation In xhe acetone control group 18 per cent had developed tumors 
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at the mt« of application, in the turpciltme group W per cent of the mice had 
tumors, while those receivmg the croton resin showed n tumor mcidence of 80 
per cent Furthermore, fewer tumors regressed and more became malignant m 
the group receivmg the croton resm than m the control group, while the turpen 
tine senes was mtermediate 

Creosote oil is another substance that influences tumor formation, although, 
unlike croton oil, which acts only as a positive promoter of tumors, creosote oil 
has been separated into fractions three of which augment while four others retard 
neoplastio formation due to benipvrene (46, 183) The retardmg agents also 
caused damage to the skin and this might have been responsible for the retards 
tion, however, a phenoho fraction which was anticarcmogemc produced no obvious 
miury to the epithehum These fracUons were tested by applymg them to the 
mice simultaneously with the hydrocarbon, it would be of mterest to detenmne 
their effects when admmistered after a prehminaty treatment with a caremogeru 

As an example of an irritant that docs not affect carcmogencsis, xylene has 
been applied to mouse skin in concentrations producing an imtation equivalent 
to that due to croton oil, without, however, altermg the number of tumors that 
developed as a result of benxpyrene treatment (28) Although turpentme pos 
sesses weak epi and metacaremogeme activity (29), it, like xylene, was virtually 
devoid of cocarcinogemc activity for skin tumors caused by bentpyrene apphed 
durmg the first phase of tumor formation (28) Furthermore, when bonspyrene 
was dissolved m a 30 per cent solution of turpentme m ohve o d and mjeeW sub- 
cutaneously mto mice, abscesses were mduced around the mjection mixture, but 
thfs acute inflamnuifory reaction did not accelerate the genesis of tumors On 
the contrary it appearW to dimmish the madence of neoplasms (16) 

Still another group of cheimcals that has a pronounced mfluence on carcino- 
genesifl includes mustard gas and related compounds Berenblum (24, 26) ob- 
served that the addition of 0 05 to 0 1 per cent of mustard gae ,|5' dicholoro 
diethyl sulphide) to a carcinogenic tor inhibited tumor production Only 18 out 
of 240 mice dev'eloped tumors when a mixture of tar and mustard gas was applied 
to the skin, m contrast to an mcidence of 131 out of 236 when tar alone was used 
under identical conditions Of the compounds related to mustard gas, ethylene 
bia-chloroethj 1 sulphide and dibromodlethyl sulphide, gave marked mhibibon, 
dichlorodiethyl sulphone and dibromodiethyl sulphone gave moderate inhibi 
tion, while dhododiethyl sulphone, dichlorodiethjl eulphoxide, thiodiglycol and 
dichlorodiethyl ether were without effect (27) Among the irritants not belong 
ing to the mustard gas group only oanthandin gave marked inhibition while 
cvciohexane ehcitcd a slight retardmg effect lodoacetic acid, tnchloracetio 
acid, croton oil, acetic acid, “lysol", and turpentine were mthout influence 
Mustard gas is an oUy hquid readily soluble m fats and fat solvents but only 
sptningly soluble m water In the presence of water it is decomposed fairly 
mpidl> Into dihydrox> diethyl sulphide (thiodiglycol) and hj'drochloric aad 
It has been suggested that the Irritant action of mustard gas la dependent on its 
high hpoid water distribution coefBcicnt and that the damage is due to the libera 
fion of free HCI inside the cell (118) Furthermore, mustard gas has been shown 
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to react with ammo acids (48) and this suggests the possibihty of an mteraction 
with the protem constituents of the cell Berenblum, Kendal and Orr (30) at- 
tempted to detenmne the metabohc changes mduced by mustard gas, etc , but 
no successful correlation regardmg the rate of hydrolysis and the inhibition of 
metabohc processes could be made Mustard gas lowered the glycolytic rate 
considerably while ethylene-bis-chloroethyl'sulfide had httle effect on this process 
Crabtree (57, 58) obsen’-ed that certam concentrations of monochloracetone 
altered the rate of tumor formation due to benzpju^ne, and this “chlor-com- 
pound” also inhibited glycolysis Nmety mice were treated twice weekly with 
0 3 per cent of benzpyrene m a solvent of 98 per cent of ether plus 2 per cent 
mmeral od To one group of 30 mice 0 3 per cent monochloracetone was apphed 
three times a week, 30 others received 3 per cent monochloracetone m the same way , 
while the remaining 30 w'ere kept as controls The low concentrations of mono- 
chloracetone caused a marked inhibition of tumor development but the higher 
levels w'ere either without effect or they stimulated tumor development shghtly 
Monochloracetone is also capable, m a wide range of concentrations, of stimu- 
latmg tumor mduction m mice that have received a preliminary, but subeffective, 
treatment with 0 3 per cent benzp 3 rrene apphed for 8 weeks Stearyl chlonde, 
palmityl chlonde, mynstyl chlonde, valeryl chlonde, acetyl chlonde and benzene 
sulfochlonde when added to 0 1 per cent or 0 3 per cent benzpyrene retarded 
papilloma formation m mice (58) These latter “chlor-compounds” differ from 
monochloracetone m that they are hydrolyzable under physiological conditions 
Smce the one common feature of all these compounds is the active chlonpe atom, 
Crabtree (58) suggested that the inhibition of glycolysis in mtro by mustard gas 
IS also caused by the hberation of HCl by this compound 

Reimann and his associates (166) have demonstrated that the apphcation of 
0 5 per cent p-thiocresol to the skm of mice ivill protect it against carcmogenesis 
due to dibenzanthracene The apphcation of sulfhydryl compounds appar- 
ently speeds the rate of cell multiphcation m the basal layer of the skm and with 
this stimulation, the cells proceed to higher degrees of differentiation and organ- 
ization Smce neoplasms arise from mcompletely differentiated cells, it is sug- 
gested that tumor formation will necessarily be decreased m tissues m which 
most of the cells are well on their way to complete differentiation Potter (163, 
164) has suggested that thiocresol protects the SH groups of certam enzymes that 
might otherwise be inhibited by caremogens Enzymes of both aerobic and 
anaerobic systems withm the cells are known to contam SH groups It has been 
suggested that agents that mduce shifts from the aerobic to the glycolytic metab- 
olism over a sustamed penod would, to this extent, dupheate one of the proper- 
ties of caremogens (163) Conversely an anticarcmogen imght be expected to 
protect the SH enzymes against inactivation Certam expenmental facts were 
presented m support of this view Metabohc spht products of p-dimethylammo- 
azobenzene have been shown to inhib it enzymes concerned ivith glycolysis (93, 
95) and with oxidation (163, 165) presumably by the inactivation of the 
SH groups Although it is possible that a similar mactivation of SH enzymes 
could occur with the hydrocarbons, this has not been susceptible to testmg thus 



FAOTOHfl THAT INFLUENCE CARCtNOQENESIS 


186 


far because of the insolubility of the hydrocarbons in an aqueous medium It is 
possible that these latter oarcmogena make contact with ensymes which contain 
some hpoid m the molecule Certainly more work in this direction is indicated 
Other compounds not classified as imtanta have also been shown to influence 
the genesis of tumors There la some preliminary evidence that xanthuie, hjqx) 
■mnthme, nucleic acid, histidine, nicotmic acid, d, I phenylalanine, tyramme, 
tyrosine, and guanine decrease tumor incidence when added to Bolutions of filtered 
lard containing benipyrene (133) The admmiBtratlon of small amounts of 
indole or arsenious aad to white mice for a period of 46 to 60 days prior to tar 
painting, haa been reported to predispoee the animalB to neoplaaniB and to accel 
erate tumor development (61) Although weak carcmogenic properties have 
been attributed to arsenic (134) there is htUc unequivocal evidence to support 
this view (92) Smee the question has arisen concerning the advisability of 
administenng arsenic compounds to mdividuals under treatment for cancer, it 
appears that the effect of arsenic on experimental tumor genesis should be re- 
mvestigated 

B Pkyitcal AgerUt Injury, tnfiammal%on and fiealing Berenblum (25) has 
shown that the concurrent application of carbon dioxide snow and tar to the some 
area of skm inhibited the mduction of tumors whereas an augmentation of tumor 
formation occurred if the treatment with carbon dioxide snow followed that with 
tar Since carbon dioxide snow is itself a mJd carcinogen (23), this result ap- 
peared to represent a summation effect 
Very similar observations were made by Deslagnens (02) who employed heat 
instead of cold to the skm of mice that also received applications of methjdchol 
anthrene A small cotton plug mounted on a forceps w’as plunged Into boilmg 
water left m the air for about 2 seconds, and then appUed to the skm by simple 
contact for about a second This scaldmg alone produced no tumors, and when 
applied on alternate days with the methylcholanthrene, htUe effect was noted, 
If anything, the scalding diminished the number of tumors However# when a 
throe month period of hydrocarbon administration preceded the scalding, the 
latter treatment precipitated tumors m the preneoplastio area In fact, the 
epicarcmogemc activity of the scaldmg was almost as great as that noted when 
methylcholanthrene had been contmued m its place Choldm (61) reported an 
acceleration of tumor genesis in mice if test tubes containing hot water were 
applied a short distance away from the area treated with tar, although no aug 
mentation of carcinogenesis was noted when the thermal irritation was applied 
to the treated area Parodi (101) found that the production of tar tumors was 
delayed if the skm had previously been heated to 70''C for several months, while 
heating the epidermis to 50°C favored the development of cancer Xtaundsen 
and Eggers (108) observed a slight acceleration m the development of neoplasms 
m the skin of mice if the area treated with dibenxanthracene also was cautenied 
at weekly intervals with a hot wire The apphcation of a caustic pencil or hot 
needle to the base of a papilloma Btimulated malignant changes In mice whereas 
incisions of the skm made during the application of tar had no effect on tumor 
development (69) Brunschmg, TBchelter and Bissell MO) did not find an m* 
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crease in tumor formation when an area of mouse skm pamted with henzpjTCne 
was cauterized with a hot metal object 
Injury resultmg from scanfication or mcisions has much the same effect as the 
trauma produced by thermal methods Dfeehnan and VanErp (61) and Deelman 
(60) stated that an mcision made m the skm of a mouse m the neighborhood of a 
tar cancer led to the development of a new carcmoma, which appeared m the 
heahng wound These workers concluded that the skm close to a carcmoma is 
m a precancerous condition, so that the apphcation of a trauma, insufficient to 
produce mahgnancy when apphed to the skm elsewhere, will ehcit the genesis of a 
neoplasm if apphed to the skm m the neighborhood of a tar carcmoma Orr 
(159) reported that fibrosis produced by placing threads m the subcutaneous 
tissues underlymg the skm treated with dibenzanthracene led to a more rapid 
appearance of epithelial tumors Ludford (117) used sandpaper to scarify the 
skm of mice both pnor to and foUowmg treatment with tar, but observed only a 
shght retardation of subsequent tumor formation The significance of this 
observation however, is open to question smce many mmute tumor nests could 
have been removed mechanically as rapidly as formed, a result which would be 
less apt to occur from simple mcisions In general it appears that neither thermal 
nor mechamcal mjury affects the development of skm tumors if such treatment is 
attempted too early m the carcmogemc process However, trauma apphed 
after the preneoplastic stage usually stimulates the formation of neoplasms 
Injury to the deeper tissues, however, appears to have no effect on the genesis 
of tumors ansmg from such areas DesLignens (62) was unable to accelerate 
tumor genesis by the mjection of glass particles along vath methylcholanthrene 
or benzpyrene Similarly, Boyland and Burrows (38) observed no augmentation 
when fine sihca was mixed with a colloidal aqueous suspension of dibenzanthra- 
cene Woglom (220) mjured glandular epithehum by drawmg threads soaked 
m benzpyrene through vanous animal organs but this trauma plus hydrocarbon 
did not mduce tumors m the vanous organs 
A rapid vigorous growth of hver tumor cells m healmg wounds, which was soon 
follow ed by a regression of the neoplasm as the processes of repair neared com- 
pletion, has been descnbed (101) Three possible explanations for this effect were 
suggested o Tumor growth may be stimulated m an area of nch vasculanza- 
tion but retarded and finally stifled when the blood supply is decreased b The 
mjured cells might elaborate one or more factors that stimulate growth Sub- 
stances of this category have been produced by mjured yeast cells (116) and 
Menkm (129) has showm that an inflammatory exudate mjected frequently 
mto the subcutaneous tissue of a rabbit’s ear will mduce a severe mflammatoiy 
reaction Cessation of these mjections is followed months later by a sustained 
and marked proliferative activity This is charactenzed by hyperplasia and 
metaplasia of the normal epithelial layer and by foci of keratmization Further- 
more, the cartilage of the ear, at the site of mjections, manifested marked prolif- 
erative actmty givmg nse to small nodules c Injury to the cells may result 
m a decrease m local tissue resistance that penmts the proliferation of cells other- 
WTse held m check (59, 101) 
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Radiant energy X raj's, ultraviolet radiation, \'istble light and infra red raja 
all appear to exert some mfluence on caremogenesos, and ultraviolet and x ray 
are themselves caremogeme 

Wallace, Wallace and Mills (210) reported that mice kept at 02'T developed 
tumors due to methylcholanthrene more rapidly than did mice maintamed in an 
environment of 05°F Bam and Rusch (12) demonstrated that mice kept m a 
box mamtamed at 3E°C for 30 mmutes while exposed to ultraviolet radiation 
developed tumors faster than controls irradiated at room temperature or at 
3-6°C Whether this effect was the result of the mcreased rate of tissue metab- 
olism or to some other mfluence cannot be answered at the present time 

Visible hght also has been reported to influence carcmogenesis with hj’dro- 
carbons Doniach and Mottram (08) found that strong sunhght plus bens 
pyrene pamtmg caused a dermatitis and reduced the incidence of tumors This 
findin g was verified by Morton and his collaborators (143, 144) who used artificml 
lamps for the source of hght Seehg and Cooper (184) were unable to 
demonstrate any influence of dayhght on the effect of tumor genesis m rmce 
painted with tar Conflictmg results have been reported bj Vies, DeCoulon 
and Ugo (208, 209) and by Maism and DeJongh (121) who noted an acceleration 
of tumor formation when mice pamted with tar or benipyrene were subjected 
to visible hght 

The carcmogonic potencj of x rajis can be augmented it abscess formations 
are also mduced m the treated tissues In a study of this type, Lacassagne (lOS) 
and Lacassagne and Vinient (107) produced inflammation m the subcutaneous 
tissues of rabbits by the injection of StrepUxoccue comae or by the mjection of 
sterile diatomaceous earth The leaions were submitted to x radiation, the 
dose m each instance bemg 600 r Such doses had a beneficial effect on the 
mfective lesions but sarcomas eventually developed at the sites of irradiation m 
6 of the 12 survivors that had the mfected lemons and m 2 of the rabbits that had 
received the sterile diatomaceous earth Burrows, Mnj'ncord and Roherts (44) 
observed mmilar results Thej mduced a focus of inflammation m the grom of 
12 rabbits by injccUons of kaolm and of finely powdered sdica suspended m olive 
oil These foci wore exposed to 000 r of x raj' at a single doeo Among rune 
rabbits thus treated and sumimg for two years or longer, tumors appeared m the 
irradiated tissues of mx In four of these instances the tumors were sarcomata 
that produced metastases X rnj alone in the same dose was non-carcmogenic 

BOngeler (43) has reported that the mcidencc of skm tumors In mice duo to 
sunlight can be increased bj the mjection of certain photosonsitiimg agents such 
ns cosm and hematoporphynn Others have suggested that oxidiiing agents or 
substances that alter the oxidation reduction potential might have some influence 
on tumor growth (170) How over the foUowmg compounds failed to affect the 
production of tumors due to ultraviolet radiation rose bengal, neutral red, dl 
chlorophenol indoplionol, catechol, p-thlocrcsol, histamme, bcniojl peroxide, 
hjdrogcn peroxide, histamine, bennl olcobol, and bentene (170 182) 

C Combination of Carctnogem The carcinogcmc effects of the various hj'dro 
carbons are appnientlj additiio that is, acxeral different earcmogenic hydro- 
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carbons may be apphed to the skm of mice m almost any order without mterrup- 
tion of the carcmogemc process (89, 111, 182) Apparently slnn does not 
differentiate between the chemicals and responds as if one carcinogen were actmg 
contmuously 

Vanable results are obtamed, however, by combmmg carcmogemc chemicals 
with radiant energy Mottram (147, 148) observed that the apphcation of 
radium to the backs of imce previously treated with benzp3Tene was followed 
by a greater number of epithehal tumors This was true only if the dose of 
radiation was small The tumors were found at a distance from the previous site 
of the radium apphcator, m a region that had received from 800-2800 r umts 
Taschner, Gottheb and Spntzer (198) treated a senes of mice with x-ray talong 
care to screen an area of the skm with lead After one month a solution of meth- 
ylcholanthrene was apphed to that portion of skm which had been shielded from 
the x-rays Tumor formation was accelerated m the mice that had previously 
received the larger doses (650 r ) while the lower dose (150 r ) had a shght retard- 
mg effect Brunschwig, Tschelter and Bissell (40) were unable to confirm these 
results, probably because of differences m experimental procedure The latter 
workers apphed a 1 per cent solution of benzpyrene three times a week for only 
2 weeks before the radium plaque was apphed, whereas Mottram apphed benz- 
pjTene for 60 to 75 days before treatmg with radium Furth and Boon (80) 
observed that leukemogenic action of small doses of methylcholanthrene is greatly 
enhanced by pre-irradiation with doses of x-rays 

When ultraviolet radiation was used m combmation with tar, mcreased cancer 
formation has been reported (76, 200) but these observations have not been 
confirmed with pure hydrocarbons (176, 182, 199) The treatment of mice with 
ultraviolet radiation precedmg, durmg or after penods of apphcation of methyl- 
cholanthrene or of 9, 10-dimethyl-l, 2-benzanthracene did not mcrease the 
carcmogemc effectiveness of the chemicals, nor did the presence of the hydro- 
carbons augment the development of tumors due to the ultraviolet radiation 
(182) Actually there was a shght decrease m the number of neoplasms when 
both agents were used simultaneously This inhibitory effect could have been 
due to a partial destruction of the hydrocarbon by ultraviolet hght and to the 
absorption of radiant energy by the hydrocarbon Benzpyrene is known to be 
unstable to hght (149) In contrast to the hydrocarbons, tar is such a complex 
mixture that hght might not readily affect its carcmogemc potency Another 
explanation for the lack of augmentation between the two types of carcmogens 
IS that they mvolve essentially different mechanisms that are incapable of sum- 
mation under these conditions 

Observations have also been made on combmations of other dissimilar car- 
cmogens Rous and his collaborators (79, 119, 173, 174) noted that bemgn warts 
which had been mduced m rabbit’s ears by the apphcation of tar became large 
and invasive after the intravenous m]ection of Shope papilloma virus, while 
neither agent by itself mduced mahgnant tumors so quickly Similarly, Ahl- 
strom and Andrewes (2) observed an mtensified response to fibroma virus when 
tar was injected intramuscularly However, Rusch and his associates (182) 
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Tvere unable to demonstrate a summation effect by the combmatwn of ^opo 
papilloma Tirus and ultraviolet or x irradiation, and Beck (17) did not observe 
an increase in the general susceptibibty to cancer by cauterisation, x rays or 
ultraviolet bght when mice were given intrapentoneal mjeobons of benipyrone 
The intlhence or rAcroHs AnvumBTEnED at a histancb ebom the bboion 
or cAEOiNOOENESifl A Diet Caloric in/Uicncc A fundamental observation 
that must be considered m all expenments mvolvmg the dietary modification 
of tumor development is the fact that tumors develop more slowly and m 
a smaller percentage of animals when the total mtnko of food is restricted m 
amount Tnnnenbaum (196), for example, has shown that the mcidence of 
spontaneous lung tumors in ABC stmm mice w as reduced by about 60 per cent 
m nnimnk fed a Tcstncted diet, and a stnlong reduction in the mcidence of spon- 
taneous mammary caremoma m mice maintained on n calono restricted diet has 
also been demonstrated (100, 207) In a group of 60 virgm female imee of the 
DBA stram fed ad libiUm, 18 developed spontaneous breast tumors by tho 80th 
week of life whereas no tumors formed In a similar group kept on a diet restneted 
as to calories (100) The results of Viaecher and his co-workers (207) were even 
more marked 07 per cent of a senes of 61 female mice of tho CjH strain allowed 
unlimited food developed spontaneous mammary neoplasms by tho lOtb month 
as compared to no tumors m a smular group fed a diet which was hmited in cal- 
onea by 33 per cent McCay and his associates (127, 128) observed a reduction 
m the number of spontaneous tumors in rats kept on restneted diets Like 
spontaneous tumors, several types of tumors due to chemical caicmogena are also 
susceptible to the effect of a reduced calonc mtake Thus tho madenco of skin 
epithebomas mduced in mice by applications of dibenmnUiracene was npproxi 
mately 00 per cent m the full fed control group and only 30 per cent m the expen 
mental group receiving fewer calones, m mice that had received subcutaneous 
mjections of benipyrenc, 82 per cent of the controls had sarcomas as compared 
to 47 per cent m the restricted group (196) There was also a delay m time of 
appearance of such neoplasms as developed However, a reduced calono mtake 
had little or no influence on the subsequent growth of sarcomas mduced by benr- 
pyTcnc or of spontaneous breast tumors (196), although Eiscboff, Long and 
Maxwell (32) have reported a retardation in the growth of sarcoma No 180 in 
mice whose calonc intake was restneted by 60 per cent, less drastic reductions m 
food mtake failed to yneld sigmdcant results 
Tho opinion has been expressed that the effects of calono restnetion are ob- 
served only m poorly nourished, oachcctic animals, and it may bo true that m 
some of the earber experiments calonc restnetion was accompanied by a aimul 
tancous Ruction m tho intake of protein, vitamins and salts smee tlie diets 
employed were identical in composition but different m amount in the full fed 
groups However, in tho more recent expenments cited above 
(196 207) tho restneted mice were fed amounts of protem, vitamins, and min 
01 ^ npproxinmtely equal to those Ingested by mice eating the control diet ad 
l^um, while tho carbohydrates and fats were reduced not only in total amount 
but also m percentage of the diet Thus, tho inhibition of tumor formation that 
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resulted could be attributed to caloric restriction per se Some of these experi- 
ments were contmued for over a year without an}’’ obinous nutritional deficiencies 
appealing m the animals Few other experiments on nutntion have been con- 
tmued for an equal span of tune Although the average weight of the calone- 
restncted rmce was 20 to 23 grams while the controls weighed 28 to 32 grams, the 
restricted mice appeared sleek and healthy and, m general, outlived the controls 
(196) McCay and his associates (128) also noted an mcrease in the hfe span of 
rats kept on restricted diets, but m his experiments, the growth of the rats was 
dehberately retarded to a gam of only 5 grams in 50 days 

The mterestmg suggestion has been made that the mtake of calories might also 
influence the mcidence of human cancer Tannenbaum (194) has made a survey 
of insurance statistics and has suggested that cancer mortahty mcreases with 
mcreasmg body weight Reasonmg from expenence ivith animals, it would 
appear that the avoidance of overweight might prevent or delay the mception 
of a tumor but would probably be of no value once the tumor has developed 
That any conclusion at all should emerge from insurance statistics is the more 
significant when one recalls that the analyses of human statistics cannot have the 
accuracy of ammal mvestigations in which pure strains of animals of known gene- 
tic composition, hvmg m the same laboratory, are used, and where age, tempera- 
ture, weight, diet and factors of carcmogenesis can be controlled Furthermore, 
m an experimental mvestigation on animals, one may study a smgle type 
of tumor, m contrast to some statistical studies on man, m which aU types of 
cancers are grouped together 

The effect of calonc reduction on carcmogenesis is so pronounced that this 
effect must be considered m mterpretmg any experiment mvol’vmg the influence 
of secondary factors on tumor development Thus, it is possible that the re- 
tardation of tumor formation by some agent may well be the mdurect result of 
calonc restnction rather than the duect consequence of the therapy itself 

An mduect way of achie'vnng calonc restnction m a mouse is ’to force it to 
perform physical work When mice beanng transplantable neoplasms were 
subjected daily to penods of forced exercise, the rate of tumor groYrth was slower 
than that found m mice not treated m this manner (180) Converselj’’, the 
augmentation of tar cancer m rabbits folluwmg mjections of glucose (172) might 
also be a calonc one 

Fat effect There is abimdant evidence that diets high m fat tend to mcrease 
the rate of formation of certam types of mduced tumors Watson and lyiellanby 
(213) observed that the carcmogemc activity of tar was increased if the expen- 
mental mice were mamtamed on a diet to which 12 5 to 25 per cent butter had 
been added 55 per cent of the rmce fed the butter fat developed tumors as com- 
pared to only 28 per cent m the control group Furthermore, 60 per cent of 
tumor-beanng ammals m the butter fed group also had lung nodules compared 
to 37 per cent with adenomata m the control group (213) Wes, DeCoulon and 
Ugo (208) noted an augmentation of tar cancer v hen egg j oik was fed to mice 
In a senes of recent papers, Baumann and his associates studied the tumor-pro- 
moting effect of fat m some detail Control mice recemng continuous applica- 
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tions of hydrocarbon Bolutions (methylcholanthrcno, bonjpyrene or dibonzan 
thracene) required approxunatoly one month longer for 60 per cent of the annuals 
to develop skm tumors than mice treated m the same manner but fed diets to 
which 16 or 20 per cent of fat had been added (13, 91) Dietary fat also mark- 
edly mcreased the number of tumors m mice treated with an amount of methyl- 
cholanthrene that was only sufScient for the production of tumors m a small 
percentage of the imce (109) In another experiment certam components of fat 
were mvesUgated in an attempt to identif} the active fraction Mice fed 16 per 
cent of Primex (partially hydrogenated cottonseed oil) had a tumor mcidence of 
60 per cent, those given 16 per cent of ethyl lanrate had a tumor mcidence of 63 
per cent, m contrast to 11 per cent m the control group Glycerol and the un 
saponifiable fraction of the fat were less effective It appeared therefore that 
the fatty acid fraction was largely responsible for the fat-effect. The highest 
incidence of tumors appeared when fat was given througdiout the experiment, but 
measurable mcreascs were also observed when fat was fed either dunng the first 
two months while the carcinogen ivaa apphed or after the appheabon of hydro- 
carbon had ceased The most effective period was from 2 to 12 weeks after 
the begmmng of the application of hydrocarbon (109) The fatty acids of hydro- 
genated vegetable oU, prepared free from unsaponifiable matter and resynthesized 
into tnglycendcs, had essentially the same tumor promotmg activity as natural 
fat (110) A defimte, though lesser effect of fat on the mcidence of skm tumors 
due to benzpyrene was observed m 3 different strains of mice by Tannenbaum 
(197) Furthermore, the incidence of spontaneous breast caremoma was sig- 
nificantly mcreased m DBA virgm mice fed a high fat diet 32 of 60 mice on the 
high fat diet eventually developed spontaneous breast tumors as compared to 
only 10 m a siinilar group fed a control ration Baumann and Rusch (14) demon 
stmted that diets with a hi^ fat content also accelorated the formation of tumors 
due to ultraviolet radiation 

At least two explanations of the fat-effect have been considered Thefatmight 
act locally m the caremogenio area, by altonng the rate of hydrocarbon penetra- 
tion of the skin or by acceleratmg the process m some other manner, or it might 
exert a more generalized aystemio mfluence The local effect is no doubt mg 
nificant in the dietary experiments because mice fed high fat diets frequently 
exhibit a marked greasiness of their fur (176, 213) When mice were fed fat as an 
emulsion in the drmkmg water, this greasmess was diminished, and the fat con 
Burned appeared to be only one-half as effective m mcreasmjt tumor formation 
ns when the fat was mixed with the sohd food (110) Lavik and Baumann (110) 
obsorv'ed that mice painted with mothylcholanthreno consumed 12 to 30 per cent 
more calories on dicta high m fat than on correspondmg low fat diets, and a rough 
correspondence appeared to exist between the calonc mtakes of the mice on the 
vanous rations and the numbers of tumors that ultimately developed On an 
cqmvalent caloric mlake, the incidence of tumors in mice on the high and Ion fat 
diets was more nearly equal It appeared, therefore, that at least part of the 
tumor promoting action of fat was duo to an accompanying mcreased consump- 
tion of calories (110) Nevertheless, the combined inffucnco of extra calones 
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and local greasmess may not completely explam the tumor-promotmg action of 
fat, for the mcidence of spontaneous breast tumors was mcreased on high fat 
diets of controlled calonc mtake (197) and for this type of tumor the areas of 
tumor genesis could not have been influenced by direct contact with fat 
To date all natural fats tested appear to augment the mcidence of skm tumors 
due to pure hydrocarbons (13, 91, 109, 110, 197) with the possible exception of 
wheat germ oil, which has been reported to be without effect m the mcidence of 
skm tumors due to benzpyrene (86) It is probable, however, that this experi- 
ment was comphcated by a calonc effect smce the authors observed a weight loss 
m the mice receivmg the wheat germ oil However, not all types of tumors are 
affected by dietary fat No effect was observed on the development of sarcomas 
when benzpyrene, dibenzanthracene or methylcholanthrene were mjected subcu- 
taneously mto mice or rats (13, 110, 197) and the mcidence of the spontaneous 
lung tumor was likewise unaffected by dietary fat (197) 

For still other t 3 Tpes of tumors certam fats may actually inhibit carcmogenesis 
The presence of 5 per cent of hydrogenated coconut oil greatly retards the pro- 
duction of hepatic tumors m rats fed p-dimethylammoazobenzene (131) On a 
synthetic diet contammg 5 per cent of com oil, the mcidence of hepatic tumors 
at 6 months ranged from 53 to 64 per cent, but when the com oil was replaced 
by hydrogenated coconut oil, the tumor mcidence never exceeded 8 per cent 
while m most groups it was zero Smce hydrogenated coconut oil is composed 
almost entirely of saturated fats, it was thought that the presence of an unsatu- 
rated fat might be necessary for the genesis of hepatic tumors However, the 
mhibitmg effect of the hydrogenated coconut oil persisted m rats fed 40 mgm of 
ethyl Imolate daily Other differences between the two oils are m cham length 
and m the amount of antioxidants present 
Gydrgy and his co-w orkers (84) have shoivn that p-dimethylammoazobenzene 
was destroyed in mtro m diets contammg high levels of Imoleic acid Obviously 
if a fat promotes the destmction of the azo dye m the diet, before it gets a chance 
to act m the cntical carcmogemc areas, no tumors will develop, but the protection 
of the animal would essentially be a reflection of a reduced mtake of carcmogen 
Such an explanation, however, could not explam the protective action of hydro- 
genated coconut oil smce the azo dye was shown to be very stable in vitro m the 
diets fed (131) 

At least three other fatty extracts have been reported to reduce the carcmo- 
gemc effectiveness of the azo dye when fed with it at levels of 6 per cent of the 
diet or less nee bran oil (138, 192), an ether extract of yeast (192), and a similar 
extract of liver (132) "How^ever, the ongmal materials from which these ex- 
tracts were prepared all happen to be anticarcmogemc by virtue of non-fatty 
substances such as proteins and B-vitamins which they contain Analyses of 
nee bran oil for nboflainn and other B-vitamms revealed the presence of many 
water-soluble matenals (192), although m amounts which were probably msuffl- 
cient to account for the entire anticarcmogemc effect observed” (131) 

A second group of fats appears to have no significant effect on the development 
of hepatic tumors due to p-dimethylammoazobenzene These mclude cod liver 
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Oil at 1 or 2 per cent of the diet (132), olive oil at 3 per cent (90, 165), cottonseed 
oil (132), com oil (94, 132), butter fat (132), aheat Ecrm oil (191) at 6 per cent, 
and partially hj-drogenatcd vegetable oil (Cnsco) at 20 or 30 per cent of the diet 
(132) These latter oils, however, were usually fed in experiments designed to 
rev eal the effects of non fattj constituents of the diet, and true differences be 
tween the various oils may therefore have been masked Another comphcation 
arises from the fact that as the percentage of fat in the diet mcreaseSj the amount 
of food and therefore of carcinogen consumed by the animal decreases 

When leathm was fed to rats that were also rcceivmg o-aramoasotoluene, the 
production of hver tumors was accelerated (4) Apparentlj this is the only 
bpoidal substance reported to augment the development of liver cancers Cho- 
lesterol was without effect (4) 

The relationship of cholesterol to tumor development has received the attention 
of a eonsiderable number of inv estigators, and the htemture has been recently 
Bummanied (15) Roffo (107) considers cholesterol of pnme importance m the 
development of tumors due to ultraviolet radiation and has stressed the fact that 
cholesterol accumulates m certain precancorous lesions in rats and m man The 
addition of cholesterol to the diet has been reported to hasten the formation of 
tar cancer in imee (72) However, there is considerable doubt that cholesterol 
can bo regarded os n uruversal accelerator of the carcmogenic process When 
added to the diet it failed to stimulate the production of tumors by ultraviolet 
radiation in the rabbit or mouse, Shopo virus papfllomas developed at essentially 
the same rate in the controls and in rabbits m which a cholestcrolemia bad boon 
produced, and the addition of 2 per cent cholesterol to the diet of mice failed to 
alter the rate of formation, or the number of hepatomas induced by o amino- 
niotolueno (4, 13, 16) 

Vanous fats have been reported to have carcmogenic properties when included 
m the diet Roffo (168-171) reported that he had induced adenocaremomas and 
sarcomas in the stomachs and mtestincs of rats fed fats or cholesterol heated to 
300°C The mmimum period for the production of these lesions was 16 months 
Beck and Peacock (18), howrever, found no lesions of the glandular stomach in 
rata that had been fed heated cooking fats and oils for a penod of 436 dayB,al 
though papillomas were frequently present Smee the rats fed the heated oils 
also developed the clinical signs of avitaminosis A, it was concluded that heated 
fats contained some substance that interfered with vitamm A metabolism Kirby 
(98) heated cholesterol at 270 to 300°C for half an hour in the air, and fed 20 
mgm of the product daily to rats for a penod of two years No sigmQcant lesions 
from the point of view of carcmogencsiH were observed m either part of the 
stomach Domagk (67) noted tumors or glandular hyperplasia in a few mice 
that had received a diet of ncc plus 20 per cent of ohve oil for a year In one 
mouse a gastne adenocarcinoma was found and in others the gastne mucoea was 
the scat of an extensive polypoid overgrowth which probably was precancorous 

Rowntree Steinberg, Dorranco and Ciccono (176) report^ that a large per 
contage of rats fed a crude wheat germ oil developed sarcomas ansmg from van 
OUB areas of the pentoneum Most of the tumors appeared within 60 to 200 
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days after the start of the experiment Several other investigators attempted 
to confirm these findmgs but were uniformly unsuccessful (39, 46, 47, 66, 73, 
86, 177) 

ProUnns arid amino acids The importance of cystme for the genesis of several 
types of neoplastic growths has been stressed by WTute Female nnce of the 
CjH strain were divided into tv o groups at the time of weanmg one was placed 
on a diet relatively low m cystine and in total protem while the other group 
received 0 5 per cent of cystme in addition The mice on the low cystme diet 
failed to develop spontaneous mammary tumors, even after 22 months, whereas 
97 per cent of the mice on the “high” cystme diet developed tumors (216) Fur- 
thermore, the mcidence of leukemia induced by^ methylcholanthrene m mice of 
the dilute brown strain Avas reduced when the concentration of cystme m the diet 
was decreased to such a level that weight mcreases vere prevented Only 17 
per cent of the mice on the lov cystme diet developed leukemia as compared to 
92 per cent of the controls on a high level of cystme (218) White and Edwards 
(217) also demonstrated that cystme or methionine could influence the produc- 
tion of hepatic tumors m rats When rats were fed a lov cystme basal diet con- 
tammg 0 06 per cent p-diraethylammoazobenzene, 60 per cent developed liver 
tumors, as compared to 96 per cent m the animals receivmg the same diet plus 
0 6 per cent of cystme or methionme White has also shovm that the grovrth 
rate of a rat can be retarded by the oral admmistration of methylcholanthrene, 
benzpyrrene or p-dunethylammoazobenzene (215, 219) This effect was observed 
only on diets contammg high amounts of fat and a borderhne level of protem 
Growth was restored even m the piresence of the carcmogen when l-cyrstme or 
dJ-methiomne were added to the diet It was suggested that the carcinogens 
mcrease the demand on the animal for a sulfur contammg ammo acid needed for 
detoxication, and as a result, the synthesis of new tissue protem is prevented 
(215) 

Gymrgy, Polmg, and Goldblatt (83) reported that the combmation of cystme 
and chohne retarded hver cirrhosis and hefiatomas in rats fed a semi-symthetic 
diet This findmg however was not confirmed by White (217), and Mon (136) 
found that 1 gram of cystme per kilo of diet did not mhibit the genesis of liver 
tumors m rats fed a diet of nee and carrots 

Under certam conditions the development of hepatic tumors mduced in rats 
by the mgestion of p-dimethylammoazobenzene can be retarded by mcreasmg the 
amount of protem fed Kensler and his associates (94) observed that neither 
casern alone nor nboflavm alone prevented tumor formation, but that the two 
factors together were very effective Nakahara and his collaborators (165) 
reported that 10 per cent of fish protem added to a diet of nee and carrots failed 
to reduce the mcidence of tumors due to the azo dye Sugiura and Ehoads 
(192) observed no protection when casern was added to the nce-carrot diet al- 
though the nutntional state of their animals was markedly improved by the 
addition When suitable B vitamins v ere given m crystallme form, the incidence 
of hepatic tumors was essentially’^ the same whether 12 or 18 per cent of casern 
was fed (133) 
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V%lajnxns In studying the tissue changes that developed m rats as a conse 
quence of vitamin A deficiency Wolbach and Hone (221) were impressed with 
the greatly augmented growth activity of epithelium In some animals the num 
her of mitotic figures m the rcplacmg epithelium and the response of the con 
nectivo tissue and of blood vessels were such as to suggest “the acquisition of 
neoplastic properties “ Other mvcstigatore have also observed that a chronic 
vitamm A deficiency led to changes m some tissues which might be described as 
preneoplastic Orton, Bum and Smith (160) noted odontomas on the teeth of 
rats survivmg over a year on a diet low m vitamin A and in a few instances, 
supernumerary mcisor teeth were seen These odontomas arose from the pulp 
and consisted chicfli of spindle cells sunflar to the embryomc cells of the pulp 
tissue and apparently were not growmg very acti\ely Proliferative stomach 
lesions have been reported m rata on a diet deficient m vitamm A (78) but such 
pathological changes can in no way be considered specific since many dietary 
deficiencies have been shomi to mduco similar changes (100, 140) 

These observataons raised the question as to whether a deficiency of vitamm A 
m the diet would promote tlie genesis of tumors by a carcmogenic hydrocarbon 
To explore this poesibihty Howe, EUiott and Shear (90) placed one half of a senes 
of rats on a diet nch in vitamm A nhde the remamder were given a diet deficient 
m this vitamin Cholesterol pellets containmg 6 per cent of benzpyrene ivere 
implanted subcutaneouslj m all of the animals If the diet was markedly low 
m vitamm A the rats died dunng the latent penod of tumor production but ivhen 
enough carotene was added to permit the rats to survive the latent period, there 
was no mdication of a significant difference m response to this caremogen 
Of the various members of the B-complex only nboflavm, pyndoxmo and biotm 
have shown any significant mfluence on tumor genesis. Riboflavin added to the 
diets of rats fed p-dimothylammoaiobenzenc inhibited the formation of hep- 
atomas (94, 132, 133) ^Vhon a diet contaming nee and carrots was fed, the 
protective action of nboflavm was observed only m combination with a lugh 
protem level (94) With synthetic diets, hon'ever, nboflavin alone at a level of 
10 mgm per kilograra of ration completdy prevented tumor formation up to G 
months, whereas no protection was noted AVith 0 5 mgm per kilogram of diet 
(133) Althou^ riboflavm has a pronounced effect on the prevention of hep- 
atomas m rata fed p-dlmethjlamlnoorobcnzene, high levels added to the diet did 
not retard the growth of established spontaneous mainraarj turaora in mice, or 
of the hepatoma 31 transplant m rats In fact, the groiNih rote of these tumors 
was decreased m animals on a riboflavm defiaent diet (141) Riboflavin did not 
prevent the formation of skin tumors duo to methj Icholanthrenc (110) 

The incidence of hepatomas Induced m rats by p-dimothylammoazobcnzene 
i\a8 greatly decreased i\hen the level of pjTidoxmc in the diet r\as reduced to 
0 2 mgm or less per kilogram of ration (133) WTien pyndoxmo was low or 
omitted entirely from a ajmthetic ration, less than 7 per cent of the animals 
developed li\cr tumors, as compared to an incidence of over 60 per cent on the 
control dicta containing 2 5 mgm of this vitamin per kilogram A pyndovme 
doficicnc> has also been shown to retard tumor formation m mice treated with a 
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solution of 0 2 per cent methylcholanthrene (102) In contrast to the results 
ivith epithelial tumors m mice and hepatomas in rats, no very pronounced effects 
of pyndoxme deficiency were observed on the development of sarcomas mduced 
by the subcutaneous mjection of methylcholanthrene (102) It is of mterest, 
however, that the growdh of transplantable tumors m both rats and nuce is re- 
tarded by a diet deficient m p 3 Tidoxine (31, 102) 

The retardmg effect of diets deficient m pyridoxme was mdependent of calonc 
intake In fact, m one experiment in which rats received p-diraethylaimnoazo- 
benzene and a low level of pyndoxme, the average dailj'^ food consumption was 
higher and the animals mamtamed them weights better than in the control group 
(133) Adult rats can mamtain their w'eights for long penods of time m the 
absence of dietary pyridoxme (130), but the addition of p-dimethylammoazo- 
benzene to the diet caused a loss m w'eight (133) 

DuVigneaud and his collaborators (71) have reported that biotm mcreased the 
incidence of liver cancers induced b}’^ feeding p-dimethylammoazobenzene This 
has been confirmed in part by the observation that egg w'hite m the diet sup- 
pressed the formation of liver cancer m rats fed p-dimethylammoazobenzene 
(103) Egg white contams an abundant amount of avidm, a substance that 
renders biotm unavailable as a food factor West and Woglom (214) did not 
observe any retardation in the growth of a transplantable tumor m mice fed 
avidm concentrates How^ever, these latter workers studied the effect of avidm 
on the growth of established tumors while the mvestigations of DuVigneaud (71) 
and those of IChne et al (103) w'ere made on the genesis of neoplasms 

Maism, Pourbaix and Cameran (125) examined the action of nboflavm, vita- 
mm Bi, and mcotmic acid fed to mice on the pi oduction of tumors by the apph- 
cation of benzp 5 Tene to the skm The addition of sodium pyrophosphate plus 
20 micrograms of vitamm Bi daily to the diet of each mouse had no effect on the 
appearance of papillomas but did delay shghtly the malignant change of these 
tumors On the other hand, w'hen mice were treated with methylcholanthrene 
and fed diets containing either an abundant or a poor supply of vitamin Bi, no 
difference m-the rate of tumor development betw'een the tw'o groups was ob- 
served (82) 

Adamstone (1) fed ferric chloride to developmg chicks m order to destroy the 
vitamm E content m the food A large proportion of the chicks on this ration 
developed lymphoblastomata mvolvmg the heart, lungs, liver, spleen, pancreas 
and gizzard It should be remembered that leukemia m chickens is rather 
common 

Miscellaneous diets Various animal tissues are also known to influence car- 
cmogenesis Maism and his associates* (122) have shown that the mclusion of 
liver, pancreas or mtestmal mucosa m the diet of tarred mice promoted cancer 
growth whereas bram, thymus, bone marrow, dned gastnc mucosa or dned lymph 
nodes inhibited the development of cancer mduced by tar Growdih-inhibifcmg 
and growth-promotmg factors wnre often found m the same organ and, m general, 
substances which augment tumor genesis were water soluble at pH 7-8 4 and 
were relatively insoluble m ether, whereas the mhibitmg fractions are soluble in 
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other tmd are relntivelj insoluble m acetone (122) An acceleration of skin 
tumors follomng applications of tar or benipyrene a as observed in mice that 
received whole hver m their diets (13, 211) However, the feeding of liver did 
not augment the formation of tumors due to ultravnolet radiation or to the in 
jection of hjdrocarbons (13, 137) 

The most striking effect of dietarv hver is observed on the development of 
hver tumors mduced bj the aio dyes When 10 per cent dned whole liver is 
mcluded m the diet of rats fed or mjectod mtrapcntoneally vnth p-dunethyl 
nmlnoaiobeniene, the formation of liver cancer is greatlj retarded (132, 136, 
137, 164, 166) An alcohol hver fraction, i e , that portion of the water soluble 
material of whole livrer that is insoluble m 70 per cent alcohol gave good inhibition 
when fed at a level of 2 per cent (132) In a search for other animal tissues which 
might likewise inhibit the formation of hver cancer, Mon (136) found that kidney 
was also effective but spleen, muscle, brain, lung, stomach, mtestme, testicle and 
bUe had no effect The pancreas even stimulated tumor formation to a mild 
degree. Apparently the retarding effect of hver ts limited to the genesis of 
hepatomas since hver fecdmg did not protect agamst the development of sar- 
comas m stram C nuce mduced hy the subcutaneous mjection of o aminoaio- 
tolueno (203) 

An antiblastogenic factor has been found m fresh beef heart The mcidonce 
of tumors m mice painted with a solution of methylcholanthrene was reduced 
from 42 per cent m the controls to 27 per cent in the group that were fed fresh 
beef heart Doing the heart tissue 24 houis at 70 to 90° destroyed the factors 
responsible for the inhibition (123) 

The retardmg mBuence of jeast on the genesis of tumors has also been reported 
Nakahara, Fujiwara and Mon (163) observed a reduction m the number of 
hepatomas in rats given weeklj mtrapentoneal injections of p-dimethylammo- 
aioboniene and fed dried baker’s yeast to the amount of 16 per cent Between 
the 267th and 279th dav hver cancer was found m 3 of the 0 survivors of the 
control group as compared to no tumors m 10 survivors of the rats fed jeast 
Other investigators (132, 193) have also shown that hepatomas mduced in rats 
bv the ingestion of p-dunethjdnmlnoaiobcnicne could bo inhibited by includmg 
at least 16 per cent j cast m the diet Yeast heated to 80°C for 7 rnmutes was 
found to decrease the mcidencc of skm tumors in mice due to benipyrene (124) 

A decrease m the rate of formation of hepatomas due to aio dyes has been 
noted when rats were fed v arious gram diets Thus w hen w heat (9, 77, 97, 200), 
rye (120) or millet (139) was used as a basal diet instead of nco, the incidence of 
liv er tumors w ns reduced On the other hand, a water soluble nee branconcen 
trate has been shown to augment the genesis of hv er tumors Induced by p-dimeth- 
1 lammoaiobeniene (132) This concentrate is an excellent source of the known 
vitamins of the B complex vnth the exception of riboflavin It should bo re 
called that synthetic diets low m nboflavin but vnth an abundant supply of the 
other vitamins of the B-complex have been shown to augment the formation of 
liver tumors (133) 

B Mitcdlaneout The inlluenco of vanous hormones on tumor genesis has 
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been the subject of a considerable number of mvestigations and most of these 
have been concerned ivith the effect of the se-? hormones This information has 
been summanzed m previous reviews (3, 81, 106, 115, 142) 

It IS generally accepted that m experimental mice the tendency to develop 
spontaneous mammary tumors is controlled by inhentance, hormonal stimula- 
tion and by a third factor which is usually transferred by nursing The sig- 
mficance of heredity m this phenomenon has been summarized by Loeb (114) 
Recently the importance of the factor transmitted by the milk has been clearly 
demonstrated and the results of the mvestigations have been summanzed by 
Bittner (34) There is now some evidence that the agent responsible for this 
effect IS a protem of a size comparable to that observed for some of the viruses, 
and the suggestion has been made that the factor might mdeed be a virus (33) 
The agent has also been demonstrated m the spleen, blood, and lactatmg mam- 
mary tissues as well as m the nulk (8, 222), and there is some evidence that it 
nught also exert an effect on embryos in viero (74) Furthermore, it has been 
reported that the growth of some types of mouse leukeima was also influenced 
by foster nursmg although this was not true for all strains (99, 112) 

Turner (202) noted that a growth-mhibitmg substance denved from human 
urme prevented, to a hmited degree, the formation of tumors m rmce followmg 
the mjection of dibenzanthracene or methylcholanthrene Of 54 mice mjected 
with either of these hydrocarbons, followed by daily mjections of the inhibitor, 
30 per cent developed tumors as compared to 80 per cent of the controls 
not treated with the extract The urmary denvative had httle or no effect on 
transplanted or spontaneous tumors m nuce 

In a number of papers Maism and his collaborators (104, 126) have reported 
that certam orgamc peroxides altered cancer incidence m mice treated with 
benzpyrene Smce tumor tissue has a greater anaerobic glycolysis than cor- 
respondmg normal tissues, it was thought that the use of substances which read- 
ily yield free oxygen might retard tumor genesis These mvestigators mjected 
these “peroxides” either m aqueous solution or m the form of crystals, and re- 
ported that there was a different effect on cancer mcidence dependmg upon the 
concentrations used Strong concentrations, i e , up to 1 X 10^, had an activat- 
mg effect, hastenmg the appearance and mcreasmg the mcidence. of mahgnant 
growths Be ginnin g unth a dilution of 1 X 10"'’ an inhibitory effect was ob- 
served and this inhibition mcreased up to a dilution of 1 X 10"^® In a compre- 
hensive senes of experiments Belkin (20-22) was unable to confirm these results 
The latter mvestigator tested the effect of the peroxide on the mcidence and 
growth of transplantable, mduced, and spontaneous mouse tumors, usmg a very 
large number of animalH m his senes The results were uniformly negative m all 
cases 

SUMMARY 

The extrinsic factors that alter the action of carcmogemc agents mclude van- 
ous chemical and physical agents such as fats, oils, “imtatmg” substances, 
trauma and radiant energ}"^ all of which have a pronounced mfluence on tumor 
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formation ^\hen applied direcU> to the tissues undergoing carcinogenic changes 
Other factors are actne \\’hen admmistered at a distance from the tissues under 
going neoplastic conversion These include alterations m the diet mvolvmg 
calories, fats, protems and ammo aada, vitamms, and modifications m the bal 
ance of certam hormones 

It should be stressed that altering the carcinogemc process does not necessanlj 
imply a similar effect on the groivth of tumors The investigations cited illus 
trate the extreme caution necessary in the mterprctation of results observed 
Factors that influence tumor growth might be obscured when overwhelimng dosea 
of carcmogen are emploj'ed, and any treatment that mterferes with the dietary 
mtake or with the general health of the animal may lead to false conclusions 

The ultimate ami of experiments of this nature is a better understandmg of the 
mechanism of neoplastic development Minor successes have been attamed m 
this direction, and the suggestion has been made that carclnogenesia progresses 
not as a smgle process but rather m two or more distmct stages a, the preneo- 
plastic stage or the latent period of carcmogenesia, and h, the neoplastic stage 
Vanous agents have been shown to act on one or the other period In general, 
hoivever, the experiments raise more questions than they answer Thus, the 
nature of the effect due to fat, to croton resm, to calones, or to the factors mixlved 
following injury, as ivell as the i anous effects of dietary constituents all must 
await further experimentation 
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DISTRIBUTION OF VITAMIN A IN TISSUE AS VISUALIZED BY 
FLUORESCENCE MICROSCOPY 

HANS POPPER 

Th* Hektcm Imtitulefor Medical Reiearch of the Cook Coanly Eorpital and the DcparlmenlM 
of Patkolon and Pkynolon of the UnteenUy of lUtnoit, CdUft of Medunne, Chicago 

EUnott 

Attempts to localise biologicallj actue substances m tissues by histo-chemical 
and histo-physical methods have been carried out repeatedly m order to clarify 
their rAle in the organism (1, 2) The demonstration of vitamm A by a histologic 
method seems to be important m now of its still problematic rile m the body 
Vitamin A lends itself to morphologio demonstration because Its fat solubility 
prevents its solution m aqueous fixatives There have been some attempts to 
nsualiie it by histo-chemlcal methods, but these were of questionable sped 
fiaty (3, 4, 6) In recent years the fluoresence of ntamm A m ultra violet 
light has been used for its demonstration m tissues This renew presents the 
findings obtamed by this method 

Hibtowcal iNTnoouCTioN In 1032, Von Quomer (6) described a luminescent 
substance (LeuchtstoS X) in Uotroplo fat droplets in the hver cells Its strong 
fluorescence was quicUj destrojod bj the ultra nolet hght eliciting this phe- 
nomenon In further studies he (7) found this substance soluble in bpoid sol 
vents and not m aqueous solutions After various attempts to identify it by 
histo-chemical examinations, he (8) finally concluded that it is related to pig- 
ments, probably the fat soluble carotenoids Since Querner encountered a similar 
fluorescence m fish hver oils and m vitamin A concentrates, he assumed that 
the lummescent substance found m hver, retina, adrenal cortex and pitmtary 
body 13 vitamm A 

Querner deserves the credit for having pointed to the vitamin A fluorescence 
ns a means of demonstrating ntamm A in tissues even though his histological 
descnptiona were mcorrect and the few nnlmnl expenments reported were in- 
sufficientlj controlled. Prior to Querner, Hirt (0) desenbed bnght yellow 
fluorescent droplets in the wall of the hver sinusoids in hving animals which he 
(10) later related to ntamm A. Querner localized the fluorescence m the 
lipoid droplets of the epithelial liver cells, whereas Hirt and his oo-workers found 
them in the Kupffer colls In a more recent, chiefly ntal, microscopic study 
Hirt and 'Wimmor (11) found the greatest amount of ntamm A fluorescence 
in the Kupffer cells of the Iiv or and endothelial cells of the lung, less in the endo- 
thelial cells of other organs The parenchjmatous cells were reported as free 
of ntamm A fluorescence In addition, thoj found m linng organs different 
fluorescent substrmces which thej associated with various members of the nta 
min B complex and different combinations of them with proteins, with vntamm 
C, or with the active hver principle of permcious anemia Their reports, so 
far accessible, do not give sufficient information as to how these different fluo- 
rescent details in the hnng organs maj be differentiated and fail to offer con 
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trolled studies as to the specificity of the fluorescent phenomena As long as 
there is not more knoMm about the basis for their assumption, Ellinger’s (12) 
cnticism against their theones appears justified Nevertheless, their observa- 
tions in hvmg organs are important for the evaluation of the somewhat clearer 
pictures of fixed specimens Far better substantiated appear the observations 
of Jancs6 and Jancs6 (13) who observed an increase of the characteristic fluo- 
rescence of the hver following the admimstration of carotene and vitamm A, 
and also a green fading fluorescence m the pigment layer of the retma, dependmg 
on the degree of hght adaptation The recent German mvestigations of Scharrer, 
Rechenberger, Gockel and Patzelt (14), Patzelt and Schairer (15), and Schairer 
and Patzelt (16) are accurate and well controlled studies of vitamm A fluores- 
cence Their observations appeared simultaneously with those of our group 
in this country Smce the studies were obviously mdependent they confirmed 
each other Their reports and the more extensive ones of our own group repre- 
sent the basis of the followmg presentation 

A METHOD OF HISTOLOGICAL DETERMINATION OP VITAMIN A 1 Physical 
Principle Vitamm A has a maximum absorption m the higher ultra-violet 
range at 328m/i (17) If exposed to ultra-violet hght of similar wave length, 
vitamm A assumes a bnght green, rather qmckly fading fluorescence (18, 19) 
With given solvent and illumination, the fluorescence is the bnghtef and the 
fading the slowed the higher the concentration of vitamin A If the lUummation 
18 reduced, e ji , by screenmg out some of the hght, the fluorescence is duller, 
but the fadmg protracted Similar^, m certam solvents equal amounts of 
vitamm A fluoresce more bnghtly and fade faster than m others (20) 

S Principle of Fluorescence Microscopy The visible picture is observed which 
18 produced if ultra-violet rays strike fluorescent structures m the exammed 
specimen These structures change the ultra-violet hght which they absorb 
to visible hght of different wave length The remainmg ultra-violet rays are 
absorbed by a filter m the eye piece (e g , Leitz ultra-violet protectmg filter 
no 8574-A) 

Vanous applications of fluorescence microscopy in techmcal and biological 
sciences have been reported (21, 22, 12) In biologj^ either hvmg objects, 
usually m mcidental hght, (vital-rmcroscopy, see Elhnger 12, Smger 23) or 
specimens, usually in transmitted hght, have been studied The fluorescence 
microscopic picture of human organs has been described m detail (Hamperl 24 
Sutro 25, and others) Furthermore, staming with fluorescent dyes (fluoro- 
chromy) has been apphed (22) 

S Fixing Fixation m solution of formaldehyde USP 1.10, up to eight 
hours m animal organs, up to eighteen hours m human organs, does not affect 
the vitamm A fluorescence The sections are mounted m water and exammed 
immediately (14, 26) The common mountmg media for frozen sections either 
yield a disturbing fluorescence (glycerme) or dissolve \ntamm A (mmeral oil) 

4 Microscope The hght of a mercury vapor bulb is filtered through an 
ultra-violet filter (such as the Commg glass color filter no 584) to eliminate 
the visible hght The residue of red rays is absorbed by a glass cell containmg 
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a 6 per cent cnpno sulfate solution or an additional Corning ^asa color filter 
no 428 Since the vitamin A fluorescence in tissue sections is produced by rays 
in the longer ranges of the ultra \iolet ndiich are not absorbed by glass, a stand 
ard microscope ivith a standard Abbe condenser is used (27 , IB) 

5 ObsavaUon Under the fluorescence microscope a dark field is seen in 
which fluorescent material stands out Nearly all tissue constituenta reveal 
some kind of fluorescence This permita onentation m an unstained tissue 
section Vitamin A fluorescence is considered anj fading fluorescence of green 
hue m contrast to other types of green fluorescence which are ultra violet stable 

B LocttlttalumofOieFluoreecenct In froien sections stamed with hematovyhn 
or methylene blue the ntamin A fluorescence is visible (7, 2Q) If the ultra- 
violet filter IS changed to a ground glass filter the sections can be studied m visible 
light and the fluorescence locahiei For the study of fat distribution, sections 
were esammed after treatment for three nunutes with a 0 1 per cent aqueous 
phosphm 3R solution By this method fats reveal a silver white fluorescence 
on a brown background. This procedure permits more and finer droplets to 
become visible than la possible with the routine fat methods, because of the 
water solubdity of the dix (27) 

7 Photography Vitamin A fluorescence is photographed by the use of a 
35 mm camera with a penscope new finder on the microscope attachment 
The film material should be either of maxunal dayhght sensitivity or sensitated 
for green and yellow (28) 

Evidence fob the spECincm op the vriAitiN A fluorescence Several 
pomts of evidence which are partly suggestive and partlj conclusive, support 
the belief that the green, quickly fading fluorescence m tissue sections is due to 
the presence of ntonun A 

i Suggetltve Evidence (os (o the fluorescence m htmum and ammo! organs) 
A lisual appearance of the fluorescence The green fadmg fluorescence of 
adrenal and liver sections stimulates under the microscope the fluorescence of 
droplets of an oil in water emulsion of oils contammg vitamm A, such as per 
comorph or halibut hver oils (8), various commercially available vitamm A 
concentrates or solutions m com oil of vitamm A alcohol, vitamm A acetate or 
ntamm A palmitate (27) Attempts to supplement the VTSual observation by 
spectroscopic analysis of the green fluorescence m tissue sections, by Queraer (8), 
Schaiier and his co-workera (14) and ourselves, did not succeed because of the 
quick fadmg of the fluorescence However, if the light which excites the fluo- 
rescence, IS roughly analj'ied by the use of glass filters, the rays produemg the 
green, fadmg fluorescence m tissues are locoUied between 310 and 350 mg, 
that IB, in the neighborhood of 328 mg, the spemfio absorption mn-nmnin of 
vitamin A 

Carotene imparts under the microscope a dull, very slowly fading green 
fluorescence which is nsible only m higher concentrations and which is easily 
differentmted from the ntamln A fluorescence (14, 28) 

The biologically inactiie anhydro ("oj clued”) vitamm A (29, 17) gives 
chemical reactions similar to those of vitamm A, but imparts not the charao 



208 


HANS POPPER 


tenstic green, quickly fading fluorescence of vitamin A, but a dark brown fluo- 
rescence which slowdy changes to a duller green and then slowly fades 
Com oil and cotton seed oil do not show vitamin A fluorescence The follow- 
mg fat soluble biologic substances dissolved m com oil as tested under the fluo- 
rescence microscope m an oil-m-w'ater emulsion do not show a green, qmckly 
fadmg fluorescence Several vitamm D preparations, alpha- and mixed tocoph- 
erol, synthetic vitarmn K (2 me"thyl-3-phytyl-l-4 napthoqumone), estrone, 
alpha-estradiol, testosterone, progesterone, desoxycorticosterone, cholesterol, 
cholesterol esters and 1,2, 5, 6 dibenzanthracene 
B Hiskhchemical analysts The green, fading fluorescence m the tissue sec- 
tions 18 abolished by reagents which either dissolve or destroy vitamm A and 
IS not changed by reagents which have no mfluence upon vitamm A (7, 14, 26) 
C The distribution of vitamin A fluorescence Its distnbution m ammal or 
human organs agrees wnth that foimd by chemical analysis usmg the antimony 
tnchlonde (Carr-Pnce, 30) reaction, by spectroscopic analysis, and by biological 
assay as far as they are available (31, 32,33, 34) 

D The relation of the characteristic fluorescence to the vitamin A metabolism 
in human beings In a large senes of human livers obtamed at biopsy or autopsy, 
a fairly good agreement has been found between the amount of vitamm A fluo- 
rescence and the concentration of vitamm A as determmed chemically (35), 
this partly m contrast to the findmgs of Schairer et al (14) who considered the 
existence of a type of vitamm A, which is chemically demonstrable, but not 
fluorescent m tissues Expenence permits one to predict the result of the chemi- 
cal analysis on the basis of the histologic picture In diseases associated with 
prolonged malnutntion or m other conditions m which the chemical analysis 
yielded traces of vitamm A, usually very small amounts of vitamm A fluorescence 
were found (27) After feedmg of high doses of ntamm A before operations, 
veiy high amounts of ntamm A have been found m the biopsy specimens ob- 
tamed durmg the operation (36, 35) 

E The characteristic fluorescence in deficiencies other than vitamin A deficiency 
In rats deficient m vitamm Bi, Bs and D, as well as m gumea pigs deficient m 
vitamm C, a normal distnbution of the vitamm A fluorescence was seen (37) 

2 Conclusive Evidence as to the Fluorescence in Organs of Rats A Depletion 
experiments While rats are kept on a vitamm A deficient diet, the green, fadmg 
fluorescence m liver, adrenal, ovary and lung gradually disappears (14, 15) 
parallel with a decrease of the liver vitamm A as demonstrated chenucally 
(38, 39) The fatty deposits m the livers of vitamin A deficient rats mtoxicated 
with carbon tetrachlonde did not show mtamm A fluorescence fat appearmg 
m the hver reveals the green, fadmg fluorescence only if vitamm A is avail- 
able (40) 

B Repletion experiments K vitamm A is fed to rats depleted of vitamm A, 
a green, fadmg fluorescence reappears m typical distnbution (14, 15) and the 
amount of this fluorescence found agrees with the amount of lutamm A fed and 
with the amount found chemically m the hver (38) If much vitamm A is 
fed over a prolonged penod, parallel with an extreme mcrease of the vitamm A 
concentration, a very striking vutamm A fluorescence appears m organs normally 
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ehoTving moderate fluorescence and some m organs, normally free of vitamin A 
(11 13 14 38, 39) If carotene is fed, after a somewhat longer mterval vitamin 
A fluoJesemic^ reappears (16, 38), again parallel to the amounts of carotene 

given and to the vitamm A content of the organ. Feeding of other suhetanoes 
such as different oils or vitamins failed to produce the charactensbo green 
fluorescence m the organs of vitamm A deficient rats (38) 

It was important to rule out the possibility that the green, fading fluorescence 
m tissue sections is due to nboflavm which, dissolved m the aqueous phase of a 
water m oil emulsion, shows such a fluorescence Indeed, Hirt and Wimmer 
(41, 11) considered a part of the green, fadmg fluorescence seen m hvmg tissues 
to be due to vitamm Bj However, the green, fading fluorescence m fixed tissues 
IB dependent upon the alimentary mtake of vitamm A and mdependent of the 
mtake of Bi, and is not affected by reducing agents (14, 38) Possibly, the water 
soluble riboflavm distqipears from the tissues during fixation and preparation 
of the sections (38) 

Summarizing, conclusive evidence exists that the green, fadmg fluorescence 
in sections of rat organs is due to vitamin A. For human organs only suggestive 
evidence is avaiiable Consequently, m describing the green, fadmg fluores 
cenoe in rats one is justified m calling it vitamm A In other animals or m human 
organs, one should speak of vitamm A fluorescence, which indicates that it 
am be caused by vitamin A but does not e.xc]ude other, so far unknown, sub- 
stances 

STABiUTr OF THE vTTAMiN A FLUORESCENCE Smoe Vitamm A is quickly 
destroyed by exposure to air or oxidixmg agents (42) the vitamm A fluorescence 
disappears from frozen sections withm a few hours The speed of disappearance 
IS greater m animal than human organs with variations between different organs 
It vamdies much faster from the Kupffer cells than from the epithelial calls of 
the hver, although the fat distribution remains unchanged It disappears 
much faster from tissue sections kept in water than from those kept m plasma, 
serum, or liver emulsioiL This mdicates the presence of a protective prmoiple 
This principle which In smaller amounts is found m urme, bile and organ emul- 
sions is thermostable, not ether soluble and is more effective at 37” thsTi at room 
temperature Its biologic significance is still problematio (43) 

Roentgen irradiation does not decrease the vitamin A fluorescence (44), 
contrary to what Querner (46) reported 

Influence of oarbier substances on vitamin A fluorescence As in 
non biological solvents, the vitamm A fluorescence m tissue vanes in character, 
depending on the earner for vitamm A In larger fat droplets it is usually lees 
bright, but more slow!} fading than m smallor ones Another factor is the 
presence of pigments which screen the ultra violet rays out, thus reduemg the 
brightness, but ratardmg the fading of the fluorescence The presence of cara- 
fe in the human hver explains vih> the fluorescence is more slowly fadmg but 
duller than carotene-free rat livers. These variations m brightness with equal 
amounts of vitamm A prevent an exact quantitativ e determination of vitamin A 
m tissues by fluorescence microscopy 

Relalwn Between Fluorescenec and VUamin A Concentraium Titamm A 
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fluorescence is visible in droplets of an oil-in-water emulsion if the oil contains 
more than 20 micrograms of vitamm A per gram, whereas thfe dull carotene 
fluorescence is revealed by oils contaimng more than 150 imcrograms per gram 
The vitamm A concentration of the mdividual fluorescent detail in the tissue 
IS above this level In hver, contaimng more than 1 5 micrograms of vitamm 
A per gram, vitamm A fluorescence is encountered (38) In organs m which 
only certam structures contam vitamm A, the histological method is far supenor 
to the chemical analysis 

Vitamin a distribution in different organs under normal and path- 
ological CONDITIONS Liver The hver is the chief depot of the body for 
vitamm A (31, 32) In the hvers of human bemgs, rats, rabbits, monkeys, 
dogs, gumea pigs and frogs, vitamm A fluorescence has been descnbed m several 
sites (14, 26, 38, 46) 

I In the Kupffer cells The fine fat droplets which nor mall y fill the cyto- 
plasm of the Kupffer cells (47) reveal vitamm A fluorescence, except m nutntional 
deficiency (38) Their absence is uncommon but not necessarily pathologic 

U In the epithelial ceUs (a) Fme fat droplets occur near the borders ad- 
jacent to the smusoids These droplets, demonstrated with sensitive fat stains, 
are arranged like a strmg of beads If large amounts of vitamm A are present 
those droplets reveal marked fluorescence 'fhey may enlarge and then several 
of them fill the cytoplasm (b) Large fat drops, demonstrated by routme fat 
stams One of them fills the cytoplasm and usually pushes the nucleus to the 
side Their vitamm A fluorescence is very vanable and usually lower than that 
of the small droplets, even m hvers contaimng much vitamm A (c) Fme bars 
or droplets, irregularly aggregated throughout the cytoplasm and only sometimes 
linin g up on the edge Their qmckly fading fluorescence is hardly recognised 
under low magnification, they are not demonstrable by phosphm 3R Their 
appearance simulates that of mitochondria (48) That mitochondria contam 
vitamm A has been proven chemically (49) and suggested by histo-chemical 
studies (4, 5)^ Mitochondna of germ cells contam also carotenoid pigments 
(50) (d) Lipofuscm (wear and tear pigment), which has been considered as a 

protem compound colored by carotene (51) If the granules show fat reaction 
and vitamm A fluorescence their red-brown fluorescence appears only after the 
latter has faded (e) The cytoplasm imparts a diffuse green, fadmg fluorescence 
which IS removed by alcohol It seems to be due to small amounts of vitamm A 
diffusely spread over the C 3 dnplasm 

The different sites of vitamm A fluorescence m the hver cause a great vana- 
bJity of the picture with and without relation to the lobular topography The 
significance of this polymorphic distnbution is as yet unexplained and only a 
few pomts can be gathered from experiments on animals under controlled con- 
ditions 

I Influence of Various Experimental Conditions Upon the Vitamin A Dis- 
tribution in the Rat Liver A Influence of diet 1 Hypermtaminosis A Livers 
of rats, which had received large doses of vitamm A for several weeks and showed 
the signs of hypervitammosis A (52, 53, 54, 55), reveal an extremely strong 
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vitamin A fluorescence The enlarged Kupffer cells are •v ery strongly fluorescent 
and nch m fat (54, 56), -whereas the epithelial cells show the usual fluorescence, 
chiefly imparted by fine fat droplets and also by the cytoplasm. Around the 
penportal and central veins, fine fluorescent fat droplets appear m endothelial 
cells and other connective tissue cells ^8, 39) 
n Unbalanced NntnUon Rats kept for more than three weeks on otherwise 
balanced diets consisting predominantly of protem, carbohydrate or fat respcc 
tivoly (sec 57), reveal characteristic variations partly paralleling that of the 
fat distnbutaon (58) The rata on a high protem diet show less -vitamin A than 
the others, much of it localised m Kupffer cells, m the lobular centers man> 
mitochondria are seen in the epithelial cells, -whereas m the periphery fine droplets 
line their edge In the animals fed much fat, moet of the vitamm A is localised 
m mediumHnred fat droplets on the edge of the liver cells, less m Kupffer cells 
and some in isolated large fat droplets on the periphery In those given much 
carbohydrate the most -vitamm A, but also the most morphologically demon 
Btrnble fat (59), was seen, the stron^y fluorescent fat droplets near the border 
of the cells increased m sise towards the penpherj of the lobule 
In starvmg rats, the chemical vitamm A concentration does not sigmficantly 
change (00) despite marked microscopic alterations m fluorescence The vita- 
min A fluorescence becomes irregular, and moderatelj fluorescent large fat 
droplets accumulate at the lobular penphery When m later stages no fat is 
morphologically demonstrable, the cytoplasm imparts a strong green, fadmg 
fluorescence indicating that the latter cames most of the vitamm A instead of 
the visible fats (68) 

in Chdtns Deficiency In rats on choline deficient diets (supplemented by 
carotene), m which fatt> U\*er8 dei-elop (61), the Mtamin A fluorescence of the 
fat droplets in the liver markedly decreases First, irregular foci remain m 
which Kupffer cells and fat droplets In the surrounding hver cells impart the 
fluorescence, later, onl^ a few isolated fat droplets rei'eal some -vitamm A (62) 
If Mtamm A instead of carotene Is fed, the Kupffer cells maintain vitamm A, 
whereas the hver cell fat is devoid of it It appears that cholme or related 
substances (labile methyl groups) are connected with the presence of vitamin A 
in the fat of the hver celK If additional studies corroborate the impression 
that m cholme deficiency Mtamin A storage m the Kupffer cells occurs only 
after vitamin A and not after carotene feeding, it would indicate that only the 
lii'er cells are able to split vitamin A mto carotene, somethmg they are unable 
to do in a fatty hver It has been repeatedly claimed that hver damage inter 
feres with the conversion of carotene mto \'itamin A (63, 64, 65, 66 and others) 
B Expcnmcixtal Ltver Damtige I Inioxicalion vnth Hepato-Tonc Dnig$ 
Intoxication -with drugs with possible hepato-toxic effect, as phospborus, bile 
acids, thyroxin, phcnolphthalcm and BuUanilamide, causes a shift of the vitamm 
A fluorescence m the hver (40) without necessarily reduemg the hepatic -vitamm 
A concentration (03, 07, 08, CO, 70) Withm one day after ndmmlstration of 
carbon tctrachlondo (40) the fluorescent small fat droplets near the border of 
the hver cells enlarge in the lobular center which leads to an accumulation of 



212 


HANS POPPEK 


strongly fluorescent medium-sized droplets FoUowmg repeated administra- 
tion, tlie vitamm A disappears from the Kupffer and hver cells m the unmvolved 
penpheral area and is seen only m the central fatty areas After more than one 
month, only around the central area a few large fat droplets and some histiocytes 
reveal vitamm A fluorescence, whereas fatty areas m the intermediary and even 
penpheral zone are no longer fluorescent, the chemical concentration m this 
stage IS reduced (see also Haig and Post, 71) If the rats receive high vitamm A 
supplements, the vitamm A fluorescence m the fatty area is more marked and 
the Kupffer and hver cells m the unmvolved area retam it longer With a high 
carbohydrate diet the fatty changes are less marked than with high fat or pro- 
tem diet and the normal Kupffer and hver cells keep vitamm A longer Durmg 
recovery from this mtoxication, rats on a high protem diet show vitamm A m 
the Kupffer and liver cells of the unmvolved areas before rats fed much fat or 
carbohydrate do (faster regenerations) 

II Cirrhosis In animals with experimental dietary cirrhosis as produced 
by GySrgy and Goldblatt (72), the vitamm A distribution is the more irregular 
the farther advanced the hver damage In earlj’^ stages a non-lipid soluble 
material with non-fadmg, gold-brown fluorescence is seen m hver cells and the 
adjacent Kupffer cells Later it accumulates m connective tissue cells of the 
proliferated penportal spaces (73) This matenal, which is fluorescent even 
m paraffin sections, is apparently a break down product of fats It seems iden- 
tical with ceroid, descnbed by Goldblatt and Gyorgy (72) and Lilhe et al (74) 

m Carcinogens Some carcmogemc hydrocarbons reduce the vitamm A 
stores m the hver (76, 76, 77, 78), especially that of the mitochondria (49) 
However, m the recovery a normal fluorescence microscopic picture is seen 
(Matron, 79) 

C Depletion of Vitamin A Depots Rats put on a vitamm A deficient diet 
immediately after weanmg lose their small vitamm A stores withm 22 da5^, 
before their weight becomes stationary or dmical signs of vitamm A deficiency 
appear (15, 38) The fluorescence of the cytoplasm disappears first, then that 
of the fine i-oplets near the border of the hver cells, and finally that of the Kupffer 
cells, fat droplets retam it the longest If rats are put on the vitamm A deficient 
diet a few days after weanmg their depletion is retarded (see 80) Adult stock 
nnimnlH need about six months for depletion Albmo rats are more qmckly 
depleted than pigmented ones (16) 

If rats are first made hypemtammotic and then put on a vitamm A deficient 
diet (39) fluorescence of the Kupffer cells decreases first, that of the hver ceUs 
remains The marked preponderance of the fluorescence of the Kupffer cells 
gradually subsides, after the vitamm A concentration drops to a third of that 
m the hypervitammotic stage The decrease of the Kupffer and hver cell 
fluorescence is then parallel In advanced hypovitaminosis droplets are found 
m the epithelial cells very close to the Kupffer cells and once more a prepond- 
erance m the Kupffer cells appears Finally, a few Kupffer cells show the last 
remnants of fluorescence Male rats are depleted faster than female rats The 
serum vitamm A, which was hi^er m males than m females, was not related to 
the fluorescence These experiments mdicate that the Kupffer cells not only 
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distribute vitamin A but also destroy it Thej apparently cause the rapid 
vitainin A Ices m bypemtaminotic aninmJs on a vitamin A deficient diet (81) 
■Whether this non-economio utilisation is related to a deficiency m vitamin E 
(82) remams to be examined 

B Hepidwn 0 / Vttomin A Depot. After feeding of more than 250 umta of 
vitamin A to rate, the liver of which ia free of Mtamm A for a few days, the fluores- 
cence reappears (15), first m the Kupffer cellfl and then in small droplets m the 
adjacent part of the hver cells The speed of reappearance depends on the 
amount fed (38) In animals depleted for more than a week the repletion is 
irregular, apparently due to disturbance of intestinal absorption The results 
of feedmg carotene are variable and the fluorescence appears later and in smaller 
amount, before the appearance of vitainm A fluorescence, the epithdifd ceUs of 
the liver reveal a diffuse, famt, green, slowlj fadmg fluorescence, probably due 
to the temporary presence of carotene (16, 38) For replacement of vitamm A 
bv subcutaneous or mtrapentoneal odmmistmiion, larger doses and a longer 
mten al are required (see 83, 84, and others) Carotene administered parent- 
ernlly did not restore the vitamm A fluorescence (16, 38) After feedmg of 
vitamm or carotene to rate, mtoxicated by carbon tetrachlonde, the fluores- 
cence appears m the large fat droplets of the hver and only with large doses in 
the unaltered areas This mdicates a higher avidity of the fatty areas for 
vitamin A (40) 

£ VancUums in the DteinbuUon of Vitamin A Fluorceeenee tn ike Human 
Liver The marked variations encountered were not caused by postmortal 
changes since specimens of Uvers obtained for biopgj during laparotomy reveal 
similar pictures (30) Certam findings were chmacienstic cn en m respect to 
the maikcd polymorphism (26, 85, 36, 80) 

A Fal Deposihon Locahxcd or generalized infiltrations of medium-sised 
and large fat droplets may show absence of, moderate, or strong, vitamm A 
fluorescence In olcohohcs, the picture often resembles that of the chohne 
deficient fat liver (02) This raises the question whether similar dietaiy factors 
may not decide the ntamm A fluorescence of the lai^ fat droplets m the h uman 
IKer 

B Preponderance tn Kupjffer Cells In the presence of huge amounts of 
vitamin Aj e g , after feedmg of large doees, most of the fluorescence is in the 
Kupffer cells and the liier cells have a normal appearance However, m some 
conditions, like diabetes meUitus uremia, and otetructive jaundice, the Kupffer 
cells rc\eal strong fluorescence, whereas the liver cells are almost devoid of it 
In ^^slblc hght these areas show usually a toxic edema Smee in diabetes climcal 
signs of vitamin A defiaenej occur (87), possibly the lack of vitamin A in the 
h\cr cells with accumulation in the Kupffer cdls mterferes with its utilization. 

C Focal Parendiymal Damage The vitamin A fluorescence may either 
disappear from the area involved os in recent thrombosis of the portal vem or 
with necrosis of the lobular center, or fluorescent material may accumulate in 
peculiarly shaped rates as in irregular fat droplete in the Hver cells or in bizarre 
shaped Kupffer cells 

D Hepatitis The greatest polymoiphisra occurs m acute hepatitis In 
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acute yellow atrophy very much vitamin A fluorescence may be imparted by 
irregular shaped fat droplets m hver cells, all visible fat is fluorescent In 
subacute atrophy less fluorescence is seen and some hvers are almost devoid of 
it In atrophy with transition into cirrhosis, histiocytes and endothehal cells 
in the vascular connective tissue may be nch m vitamm A fluorescence (see 
chemical study of Cox 88) 

E Liver Cirrhom In arrested forms, the lobules and regenerated pseudolo- 
bules reveal a nearly normal distnbution Fatty areas may show much or 
little vitamm A fluorescence Connective tissue cells m proliferated penportal 
fields often contam fine fat droplets with fluorescence In progressive cirrhosis, 
especially with jaundice, only scattered droplets m hver cells or some bizarre 
shaped Kupffer cells reveal vitamm A fluorescence The decreased fluores- 
cence, often despite high fat content, parallels the low chemical vitamm A 
concentration (89, 90, 91, 92, 64) 

F Irregular Lhstribuhon In addition to the descnbed alterations others 
occur which are less easily classified The fluorescence pattern may vary from 
cell to cell or from cell group to cell group without difference of the histological 
picture m visible hght The irregularity of the vitamm A distnbution is not 
mirrored by the chemical analysis Marked degrees of disturbance of the vita- 
mm A fluorescent pattern are associated with parenchymatous damage upon 
routme histological analysis or clmical study of the hver function (85) Con- 
sequently, milder degrees of this disturbance axe considered as mitial hver 
damage not recognized by the common routme histological methods (35, 36) 
Accordmg to this standard and m comparison with normal expenmental ammals 
almost no human hver available for examination is entirely normal 

G Age Influence In the fetus much vitamm A fluorescence is found m hver 
and Kupffer cells Toward term it markedly decreases and m new bom infants 
only traces are seen In the second month, an mcrease starts and after the 
second year the vitamm A distnbution approaches that of the adult (26) 
These findmgs agree with chemical analyses (93, 94, 95, 96) 

H Estimahon of the Total Amount of Vitamin A Fluorescence The total 
amount of fluorescence was Ion , m pnmary liver disease, in obstructive jaundice, 
malnutntion resultmg from tumor and also m renal conditions, this agrees with 
chemical analyses (92, 95, 97 and others) 

S Significance of the Vitamin A Distribution in the Human Inver A few 
pomts can be made so far from the study of vitamm A fluorescence 

A The RSle of the Kupffer Cells The r61e of the Kupffer cells m fat (98) and 
\ntamm metabolism (11), especially m that of vitamm A (99), has been stressed 
The Kupffer cells are the last to be depleted and the first to be repleted They 
absorb ^^tamm A from the blood and transmit it to the hver cells, as seen from 
its presence m the portions of the liver cells adjacent to the Kupffer cells, a 
block m this transmission is probably responsible for the picture m toxic edema 
They contam the excess of ntamm A m hypervitammosis and probably destroy 
it (46) They store carotene if it is mjected m aqueous solution (66) After 
blockade of the Kupffer cells the storage of vitamm A m the liver is mterfered 
with (100, 68, 101) 
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B The R6U of the Liter Cells The liver cells are the permanent depots for 
vitanun A In Irrer damage they may be nnable to hold it or release it to the 
blood From large fat droplets vitamm A is verj sloivlj released (40) 

C Relalton Between Plasma Vitamin A Conetnlrahon and Dtstribidum, and 
Amount of Vitamin A Fluorescence (36) Companson of the plasma vitamm A 
level with hepabo vitamm A concentmtioo and fluorescence, m specimens of 
hver remoied for biopsy, over a wide range of the plasma vitamm A level shows 
a paralleliam only if an average of a number of cases is taken In individvinl 
cases no definite relabon between plasma level and hver stores exists High 
plasma level usually mdicates normal or high hver stores, whereas low levels 
may be associated with high or low liver concentrabon The plasma level 
runs somewhat parallel to the vitamm A fluorescence of the Kupffer cells, less 
so to that of the epithelial cells With marked discrepancy between plasma 
level and hepabo xfitamin A concentration the vitamm A pattern la very much 
disturbed, and hver function is unpaired. 

D Vitamin A Shift in the Liver as a Cause of Functional Amtominosis The 
shift of the vitamin A from normal to pathologic site* m the hver may explam 
the drop of the plasma vitamm A level found m acute hver diseases or m pneu 
monia (Literature, see 102 ) A lack of vitamm A mtal ce cannot explam this 
phenomenon emce months are required to reduce the plasms vitamm A level of 
healthy adults by a vitamm A d^dent diet (103, 104, 105) Apparently, the 
liver regulates the plasma xatamm A level and that explains the parallelism 
between hver stores and blood level m healthy animals (106, 107, 108) In 
liver damage m which vit amin A has shifted to places where it is not available 
for immediate rdeasc, the plasma vitamm A level may drop in the presence of 
quantitatively sufiicient hver stores and a funobonal avitammosis must due to 
disturbed release (109, 97, 35) In healthy young rats chmeal signs of vitamm A 
defidency appear only a long time after vitamm A has been discarded from the 
hver, whereas m human bemgs the hver is never completdy free of ntamm A 
even if climeal signs of vitanun A defiaency appear, such as hemeralopia as seen 
m liver diseases (110, 111 and others) 

The value of vitamin A therapy m those cases is apparent from the histologic 
picture (112) Large doses have to bo given m order first to saturate the patholo- 
gic sites which have an mcreased avidity for vntanun A and then to enforce 
storage in the normal sites from which vitanun A is more readilv available for 
use Actually, giving large doses to carbon tetrachloride mbmeated rats (40), 
or human bemgs with liver damage (38) resulted in storage of vitamm A in 
normal sites 

4 Fish Liver In fish livers (113) fluorescence is imparted by medium sised 
fat droplets which fill the cytoplarm of the cells, the Kupffer cells being not 
fluorescenb In salt water fish, the green fluorescence is of extreme strength 
and the hver sbucturo can bo made out only after the fluorescence has partly 
faded In fat stains of livers from fresh water fish an identical picture was 
found However onlj a few of the fat droplets imparted the green, quickly 
fadmg fluorescence, whereas the majority show a yellow brown, slowly fading 
fluorescence This is due to vitamin Aj, a factor with on absorption spectrum 
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at 352 mu, demonstrated by physico-chemical analysis m livers of fresh water 
fish m addition to small amounts of vitanun Ai (114, 115, 116) Oils extracted 
from fresh water fish showed the yellow-brown fluorescence If fed to vitarmn A 
deficient rats, the yellow-brown fluorescence appears m the hver distributed m 
a manner similar to that of the usual green fluorescence and, as descnbed (118 
116, 117), growth of the rats continues The different histologic distribution of 
vitamm A m the hvers of fish supports the idea that vitamm A pla}^ a special 
r61e m the metabolism of fish (33) 

Adrenal gland In the cortex of the adrenal of the rat large amounts of 
vitamm A are present in small hpoid droplets m the epithelial cells of the fasci- 
cular layer The glomerular layer, despite identical fat distnbution, is free of 
vitanun A, evfen m hypemtammosis m which the fluorescence extends almost to 
the medulla In rats with low vitamm A reserves, the outer zone of the fascicular 
layer retains it (38) 

In the human (26), vitamm A fluorescence is foimd m the fascicular layer of 
the cortex and to a mmor degree m the glomerular layer, also m the central 
cortex close to the meduUa The fluorescence is less vivid and fades more 
slowly than that of the liver Double refraction and vitamm A fluorescence 
were often concomitant and at tunes m identical distnbution The reticular 
layer reveals brown-red fluorescent particles (hpofuscm) which are also seen m 
the fascicular layer after fadmg of the vitamm A fluorescence The vanations 
of the vitamm A fluorescence are not necessarily parellel to that of the hpid 
content Only small amounts or traces are observed m malnutntion and 
diseases of the hver, also m infectious diseases, here probably related to the 
depletion of the hpids (119, 120) The extensive changes of the human adrenal 
m early postnatal life (121, 122) influence the vitamm A distnbution Dunng 
the entire first year only small amounts are found and then the storage gradually 
approaches that m the adult 

The adrenals are a storage place for vanous hpoids and one of the substances 
m the hpid mixture gives vitamm A fluorescence Its slow fadmg may be caused 
by the presence of carotenoids which are responsible for the yellow color of the 
organ 

Testicles In human testicles (26) after puberty, different fluorescent details 
appear which partly reveal a green, fadmg fluorescence suggestive of vitamm A 
brown pigment in the cells of Leydig, and hpoid droplets and hpofuscm m the 
Sertoh and spennatogemc cells The fluorescence of the Leydig cells is strong 
but slowly fadmg The vitamm A fluorescence seems related to the activity of 
the testicle, appearmg with matunty and disappearmg with involution In 
some animals the mterstitial cells of Leydig show strong vitamm A fluorescence, 
whereas m others it is missmg 

OvART In the rat ovary (38) a dull but slowly fadmg vitamm A fluores- 
cence IS seen m the mterstitial cell cords and a bnght and rapidly fading one in 
the so-called corpus luteum In vitamm A deficient rats no vitamm A is seen 
m the ovary, upon feedmg, it reappears 

In the human ovary the vitamm A fluorescence changes dunng development 
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and with the menstrual cycle, aa studied on material obtamed at autopsy (26) 
and from surgical oporabons upon women whose menstrual history could bo 
ascertamed (123) Three types of oharactensbc fluorescence are encountered 
1, a very dull, very slowlj fading, diffuse, green fluorescence m the cytoplasm of 
the granulosa cells of the corpus luteum, probably due to carotene (carotene is 
found chermcally m the ovary (124) and causes the yellow color of the corpus 
luteum), 2, a bn^t qmckly fading fluorescence seen parbcularly m fine fat 
droplets m granulosa cells, and 3, a UtUe duller, more slowly fading one m fat 
droplets in theca cells 

tTtanun A fluorescence appears around the third month of postnatal life, m 
fine fat droplets m the stroma, and m gianuloea and theca cells of the Graafian 
and atrebc folhcles In the reproducbvo stage the granulosa cells of the mntur 
mg folhcle reveal fine fluorescent droplets They mcrease m sue and number 
after ovulation aa the corpus iuteum forms The appearance of the granu 
losa cells m the mature corpus luteum suggests the possibihty that the fluorescent 
droplets are secreted mto the capiUanes 'With mvolution the picture of secre- 
bon changes mto that of retenbon The shrinlang granulosa layer contains 
large, strongly fluorescent droplets and fine fluorescent droplets appear m the 
surrounding tissue Finally, the vitamin A fluorescence disappears The 
corpus luteum of ptegnancj shows only carotene and no vitamin A fluorescence 
The corpora atreUca, which are nch m estrogen and progesterone (125), show 
strong vitaimn A fluorescence of the double refracble hpids in the theca cells 
In the course of the atreain it gradually disappears, wMe a red brown ultra 
violet stable fluorescence persists The vitarnin A fluorescence of the corpora 
atrebca depends on their die and age and the menstrual cyde The smaller 
and older the corpus atreboum, the lower the fluorescence After the chmac- 
tenum no vitamm A fluorescence is seen in the ovary 

The significance of the morphoiogic lipid distnbution m the ovary and its 
relabon to endocrine funcbon is not established (126, 127, 128) The vitamin A 
fluorescence, however, seems to be a morphologio sign of endocrine aobvity 
Whether it indicates hormone storage or fonnabon is not clear As long as the 
relabon of vitamin A to sei hormone acUvity and even to reproduction is as 
unclear as at present (hteiahire, see 28, 123), the presence of vitamin A fluores 
cenco at the morphologic dtes of sei hormone activity is best explained by 
solubility of sex hormones and vitamm A in the same hpid carriers. 

Utebub The endometrial hpids, present in certam stages (129, 130), occa 
sionally reveal quickly fading vitamin A fluorescence without pamilelism to that 
m the ovary (la) 

BnEABT The non lactatmg mammar y gland is free of vitnimn A fluorescence 
The fat droplets in the epithelial cells of the lactatmg gland reveal high amounts 
of it (14 28) m agreement with the high vitamm A content of the colostrum 
(131) 

Fat tibsue. The fat cells m adipose tissue or scattered m the stroma of mnous 
organs impart a dim but slowlj fading vitamm A fluorescence, in agreement 
with their funcbon as vitamin A depots The hpidic pigments retard the fading 
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and di m the fluorescence The different depots of the same mdividual varj' in 
their fluorescence and show some relation to the nutritional condition (26) 

Eye The presence of vitamm A m the eye is established (see 132) The 
vitamin A fluorescence, as reported by Quemer (8) and Evans and Smger (133), 
changes depending on the function as descnbed by Jancs6 and Jancsd (13^ 
Greenberg and Popper (134), and most carefully by Schairer and Patzelt (16) 
The pigment coat shows fine fat droplets arranged on the penpheiy of the- epithe- 
lial cells They reveal yellow, ultra-violet, stable fluorescence which may be 
covered by a green, fadmg vitamm A fluorescence In the rod and cone layer, 
some diffuse vitamin A fluorescence is found m addition to a brown-red ultra- 
violet stable fluorescence which, accordmg to Schairer and Patzelt (21), is due 
to visual purple Vitamm A fluorescence is also imparted by connective tissue 
cells m the cihary processes 

The nutntional status determmes the vitamm A fluorescence of the ciliary 
processes ]ust as it does that of other organs, but hardly influences that of the 
pigment layer In the latter it is not mcreased m hypervitammosis and not 
apparently decreased m hypovitammosis Even m far advanced vitamm A 
deficiency, long after the other organs have lost then- vitamm A fluorescence, it 
IS still observed m the retina and can be found even m the ulcerated eyes from 
extreme vitamm A deficiency The state of light adaptation, however, which 
does not change the vitamm A m the ciliary processes, influences the fluores- 
cence of the pigment layer and rod and cone layer In dark-adapted animals 
no vitamm A fluorescence is seen, but the visual purple fluorescence of the rod 
and cone layer is strong Upon hght adaptation the latter disappears, whereas 
the vitamm A fluorescence is strong The appearance of vitamm A upon ex- 
posure to hght IS rapid and takes place also m dead animals, its disappearance m 
the dark is slow The fluorescence microscopic examination corroborates the 
hypothesis of Wald (135), that hght changes the xnsual purple over a transi- 
tional stage of visual yellow and the carotenoid retmme to vitamm A and that 
durmg dark adaptation the visual purple is slowly rebuilt from vitamm A 

Intestine The gastro-mtestmal tract of the rat reveals vitamm A m its fat 
cells Only after feedmg of more than 900 umts of vitamm does it appear m the 
waU of the duodenum and small mtestme as a sign of its absorption It is first 
seen m epithehal cells and m histiocytes and lacteals of the lamma propna of the 
villi, later on in larger lacteals up to the subserous layer (38) This picture of 
lymphatic absorption agrees with expenences m the human (136) Recent 
experiments (137) showed that vitamm A absorption after admmistration of 
oilj"^ concentrates starts m the upper duodenum, has its peak m the upper 
jejunum and subsides m the ileum That does parallel the fat absorption 
Whereas fat is found m the lumen throughout the entire mtestme, its vitamm A 
fluorescence disappears above the level of the mtestme at which the vitamm A 
absorption ceases, even after feeding of more than 300,000 umts The absorp- 
tion subsides, therefore, either because vitamm A has been destroyed within 
the lumen of the mtestme or because the entire xntamm A has been ab- 
sorbed In the human mtestme no xntamin A fluorescence is encountered (26) 
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Kidney In the kidney three types of distnbution of viUiirun A fluorescence 
occur in different nnimals In the rat (38) a bnght, quickly fading fluorescence 
la imparted by the endothelial cells of the intertubular capiUanes of the cortex 
It IS marked m hypervitaimnotio animals but also in advanced hypovitaim 
nosifl or in cholmo deficiency (02) ■when in both instances the liver is nearly 
depleted* Similarly the renal •ntamm A concentration increases m depletion of 
the hver after dibenmnthraccne administration (76) 

In the normal dog kidney vitamin A fluorescence is imported by medium 
sued isotropic fat droplets m the Henle loops 
In the human kidney (26) vitamm A fluorescence is only encountered m renal 
damage The fluorescence is seen chiefly m the proximal con\ oluted tubules m 
fine droplets at the base of the epithelial cells In the vidnity, the stromal 
histiocytes ore nch m fluorescence The vitamm A fluorescence is usually 
associated with maiked fatty changes but not necessarily with deposition of 
doubly refractile hpids 

The mgmficance of the different forms of vitamin A fluorescence is unknown 
In the human its appearance seems to be associated with the development of the 
nephrotic syndrome Vitamm A appears m the unne together with other 
lipoids in renal diseases, but also m infections (see 138 139) Together with 
other hpids and with protein, it seems to be reabsorbed in the tubules and 
earned from there to the tubular capillanes sometimes bemg deposited m the 
interstitlum (140) This explanation would agree with the recent theory on the 
histogenesis of hpoid nephrosis as a primary disease of the glomeruli with 
secondary tubular reabsorption of the hpoids and proteins (141, 142) 

Skin AlUiough the epidermis shows very early manifestations of 'vitanun A 
deficiency, no vitamm A fluorescence is encountered m the epithelial layers, 
even after feeding of hi^ doses of ^dtarmn A Onlj the fat cells m the cutis and 
Bubcutis rm'eal small amounts (143) 

Otheh organs In the rat (11, 38), after feedmg high doses vitamin A may 
appear m the endothelial cells and connective tissue cells of lung serous mem 
brane, memnges and in other places In the human, fluorescent fat droplets 
may be seen m the nntenor lobe of the pituitarj gland (8, 14) 

Tumors Vitarmn A fluorescence is seen m tumors ongmatmg from a mother 
tissue with vitamin A fluorescence its distribution resembling that of the mother 
tissues (144) It may be found in hopato-eellular caremoma m adrenal cortical 
adenoma resembling the glomerular layer, m Hpoma and m testicular dj'sgenni 
noma* Among the ovarian tumors it is chiefly present in those with endocrine 
activitj It occurs m the raascuUnioing androblastoma and in the feminiting 
group granulosa cell tumor (in a distnbubon sumlar to that of the normal 
granulosa), thcea edi tumor (resembling theca cells) and xantho-fibroma (simu- 
lating o\Tman stroma with vitamin A fluorescence) , while the ordinary fibroma of 
the o\’arj is without fluorescence It was also obsen ed in o\*anan d\’Bgenrunoma 
(in a distnbution mrmlar to that of the testicle) The picture of a tubular 
adenoma of the breast resembled the lactatmg breast Except for a few ex 
amplcs (c g , plant cells), the other tumors were free of Mtarain A fluorescence, 
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even if they showed marked fatty degeneration The presence and distnbution 
of vitamm A fluorescence may help m determmg the ongm of a tumor Thus 
the hypemephroid carcmoma of the kidney often reveals vitamm A fluores- 
cence similar to that seen m the adrenal This supports the ongmal h5T)othesis 
of Grawitz, that those tumors ongmate from the adrenal (hterature, see Ewmg 
145) Other renal tumors hke carcmoma of the pelvis or bemgn tubular adeno- 
ma have no vitamm A fluorescence despite the presence of anisotropic hpids m 
the latter That only a few well defined groups of tumors yield vitamm A 
fluorescence mdicates that the local presence of vitamm A does not inhibit 
tumor growth, neither is it necessary for tumor formation This is important m 
view of the repeatedly (see 144, 146, 147) discussed relationship between vitamm 
A and tumor formation 

Relation of vitamin A fluorescence to fat The vitamm A fluorescence is, 
with few exeptions, bound to hpids demonstrable by sensitive strains Vitamm 
A (or the other substances yieldmg the fluorescence) can be considered as eidu- 
bitmg a fluorescent vital stam charactenzmg certam hpids of the body How- 
ever, smce only some hpids reveal vitamm A fluorescence, the presence of vita- 
mm A IS not due to a non-specific solubihty of vitamm A m the available fats 
but to a specific affimty of certam hpids for vitamm A (14, 148) 

There is an apparent influence of vitamm A upon the fat metabohsm m rats 
put on a vitamm A deficient diet In agreement with chemical analyses (149), 
the morphological demonstrable fat disappears from the hver shortly after 
vitamm A vanishes, after feedmg a fatty diet contammg vitamm A, fat reappears 
one or two hours before vitamm A becomes visible (38) Vanous mvestigations 
(78, 76) mdicate that vitamm A may occur also m a protein bound form, this is 
not excluded by the fluorescence microscopic picture 

The relation between the vitamin A depots in the bodi In rats on 
vitamm A deficient diet the fluorescence disappears from different sites m the 
foUowmg order mterstitium of the vanous organs, adrenal, hver, and kidney, 
while the retina does not give it up at aU In repletion by oral route it reappears 
first m the ihtestme, then m the hver and almost simultaneously m the adrenal, 
finally m the kidney and the rest of the organs (38) 

Upon carotene feedmg, sometimes the vitamm A fluorescence appears first m 
the lamma propna of theviUi of the small mtestme but usually first m the Kupffer 
cells and shortly afterwards m fine droplets m the epithelial cells of the hver and 
m the adrenal (38) The question as to where carotene is spht to vitamm A is 
therefore not yet satisfactonly answered Most of the evidence pomts to the 
Kupffer cells of the hver (see also 100) However, sometimes cells of the mtesti- 
nal vilh or epithehal hver cells seem to spht it 
Review of the vitajun A distribution in tissues So far, not much can 
be concluded from the histological picture as to the r61e of vitamm A Where 
the first morphologic signs of ntamm deficiency appear, namely, the epithelium 
(55), vitamm A fluorescence is not demonstrable Actual presence of vitamin A 
is reqmred for its r61e m nsion, it participates m a knoivn chemical process m the 
retma from which it does not disappear even m extreme deficiency The 
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different localuations of Mtamin A may bo due to the following factors 1, partic- 
ipation in a chemical process (retina), 2, distribution and possible destruction 
(Kupffer cells), 3, presence at the mte of sterone hormone formation (adrenal, 
testicle and ovary), probably due to solubility m the hpid camera of the hor- 
mones , 4, storage (fat cells and cells of the mterstitaal tissue m the rat) , 6, absorp- 
tion (intestmo), 6, secretion (lactaUng breast), 7, pathologic permeability 
(kidney) , 8, imitation of the mother tissue (tiimore) Its presence m the epithe- 
lial cells of the hver is duo to several of the above factors 

CONCLUSION 

The microscopic visualisation of vitamm A by fluorescence permits the study 
of its distribution m organs In vonous physiologic and pathologic conditions 
the distnbuUon undergoes characteristic changes, not mdicated by chemical 
analysis or bio-assay Conclusions as to the lAle of \utamm A in the body con be 
made which ore not amved at by other methods The histologic method, 
which permits only a rough but quick estimation as to the quantity of vitamin A 
present, does not substitute for the chemical analysis but supplements it Tlic 
fluorescence rmcroecopic demonstration of vitamin A, however, not only aids in 
the mvestigation of the vitamin A metabolism but also presents a now histologic 
method for the differentiation of lipids independent of the biologic significance 
of the fluorescence 
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THE HISTOPATHOLOGY OF UADUTION LESIONS* 

SHIELDS WARREN 

LabcTaloHts oj Pathology of the Hartard Cancer Cemmiuwn and the Nero Enfftand Deaeoneti 
HotpUal and the Department of PaUioloyy Uarvard Medical School 

The histopatholo© of lemons induced bj radiation is tho resultant of several 
diverse changes Some changes are cellular, ns necrosis of cells irradiated 
alteration of cellular function, or chromosomal changes induced m cells whicli 
lend to death or alteration of function of cells subsceiUfoUy developed from them 
Some are mtercellular (probably in part mediated through injurj to Uie cells 
momtaming such substances as collagen, osteoid, or elastica), varying from slight 
alteration m texture to necroms Some are xusculor Smee endothelial cells 
and other components of \'ascutar iralls ore fairly sensitive to radiation, vascular 
changes rangmg from thrombosis to endothelial swellmg as early mamfcstations 
and from telnnf^cctama to complete or partial occlusion ns late alterations may 
be mduced These altered ^e8sel8 often inconspicuous in themselves, may 
bring about profound changes m those tissues dependent on such vessels for thoir 
blood supply 

The chnraotcr of the pathologio alterations produced in any tissue depends 
on its cellular pattern and the degree and extent of exposure to radiation Radi 
ation Icmcms vary markedly according to whether they are recent or long standing 
and accordmg to the tissue in which they occur All, however, have certain 
features in common and it will be the function of this rcvica to consider these 
particularly 

The types of radiation produemg tho lesions which will bo discussed hero are 
those used therapeutically clcctro-magnectio radiation of a wave length rangmg 
from 10 to 0 05 AngstrSm units, corpuscular radiation as the alpha and beta 
radiation from radium or certain of the temporarily rndioactUo isotopes, and 
neutrons So far as ono con determine, the fundamental biologic effects of these 
different agents ore the some and are dependent on the degree of loniiation 
produced by them in the tissues and the localixation of the lommtion wnthm 
tho cells 

A fosematmg recent dci-elopment m tho field of therapeutic radiation has 
been tho utilisation of temporarily radioactive isotopes (I, 2, 3, 4) The pc 
cullantics of certain of tho body’s cells m utihnng one or another chemical sub 
stance can servo to concentrate radiation effect in those particular regions if tlio 
proper isotope is selected Thus Morshak (6) Ims shown that radioactive 
phosphorus is taken up by tho nuclei of rapidl> proliferating cells ton times 
as rapidly ns it is bj tho nuclei of resting cells and by utilinng radioactive phos- 
phorus ono therefore can get a consolidation of radiation effect on those tissues 

*Tliii article has been releaaed for publication by the Dlnilon of Publications of tbe 
Bunau of Medicine and Surgery of the U B Navy Tbe opinions and views sot forth 
In this article are those of tho writer and arc not to be considered as reflecting tbe pol 
icics of the Navy Department 
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whose cells are undergoing rapid proliferation Stnking therapeutic results 
have been obtained in leukemia and polycsdhemia Similarly radio-active 
strontium is segregated b}' osteoblasts and laid down to a considerable degree 
m bone, thus concentratmg radiation m regions of osteoblastic activity Un- 
fortunately, m the case of tumors of the thjToid, the neoplastic cells rarely show 
the andity for lodme that normal thyroid cells do and hence the hoped-for 
therapeutic effect from the use of radioactive iodine in thjroid tumors could 
not be obtamed 

It must be remembered that so far as immediate radiation effect alone is 
concerned, tremendous doses are required to kill all of a given group of cells, 
even though slight doses will kill some Radiation does not affect equally all 
cells withm the field, even at an equal depth beneath the skm and an equal 
distance from the source, because of the discontmuous character of the energy 
apphed As an example of this character, w'e may quote from Crowther, 
“Suppose that it were possible to pass, through the air of an ionization chamber, 
X-radiation at an mtensity of 1 r per second contmuousl}’’, day and mght, for 
500 years, we should still leave about one third of the molecules umrradiated” (6) 

In any consideration of the dosage of radiation, it is important to know the 
phj'sical factors of that radiation The effect is proportionate to the amount 
that is absorbed, rather than the amount as measured by the lonuation chamber 
The “harder” the radiation (the shorter the wave length), the greater will be 
the penetration of the tissues and the less w'lll be the damage to the skm by a 
given dose The ‘hardness” mcreases with voltage and with filtration “Gross- 
finng” through different skm portals toward a tumor wall sometimes permit 
givmg a greater depth dose to it than any one area of the skm receives The 
effect is also influenced greatly by the size of the field This is due m part to 
the fact that the "scatter”, or the number of electrons separated from the atoms 
irradiated and givmg secondary radiation, mcreases for a given dose of radiation 
with the mcrease in mass exposed Thus, because of this secondary radiation, 
the total amount of radiation per given dose dehvered ^vill be much greater per 
cubic centimeter of tissue if the field of radiation is 10 x 10 cm , than it is if it is 
3 X 5 cm Irradiation of the entire body is very potent m man, a dose of about 
500 r kills The rate of dehvery of radiation is also important, for example a 
dose of 3000 r dehvered in twm hours is far more destructive than the same total 
dose fractionally delivered at daily mtervals for 10 days One-tenth r per day 
IS the accepted tolerance dose for man, but may be a tnfle high (7) 

Not too successful attempts have been made to establish biologically eqmva- 
lent doses of radiation However, one can estimate to a limited degree the 
amount of beta radiation, of neutrons, of \-rays required to obtain similar 
degrees of injurious effect on tissues 

Alpha particles, although virtually devoid of penetrating power, are about 
one himdred times as effective in mjurmg cells as beta rays Both are less 
penetratmg and more destructive than gamma rays, which are equivalent to 
the hard roentgen-rays produced by supervoltage apparatus Acceptmg skm 
erythema as an index, well-filtered radiation at 1,000 ICV requires ±1200 r. 
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at 200 KV, 700 r, and unfiltered nidiabon at 100 KV 320 r Neutrona are 
apparentJj from one to fifteen times os potent biologically as physically equiva 
lent amounts of roentgen rays 

The r, the unit of x raj radiabon, is merely a measure of the lomzation of oir 
by roentgen rajns under standard conditions and a dose expressed m r alone gives 
Uttle information as to the biological effects that may be expected 
A word should also be said mth regard to the measurement of radiation, given 
off by temporarily radioactive isotopes Thar amount of radioactivity is 
commonly expressed m millicune equivalents, that is, the effect that they 
produce on a standard ionisation chamber as compartkl with radiation from 
1 mgm of radium This is a phj'sical measurement and does not imply any 
direct biological comparabihty of effects mth a similar dose of gamma radon 
radiation measured m railhcune hours 

In spite of the different tjT)e« of radiation, the different wave lengths and the 
different mtenmties of radiation expenenced, the pattern of response of the tissues, 
once the threshold of reaction of their components has been reached, vanes 
quantitatively rather than qualitatively (8) 

The assumption that small doses of x ray or radium nuhation are atimulafing 
(the Amdt-Schulse “Ian”) is mvalid Tho slight evidences of proliferative 
activity offered as evidence by the proponents of this hypothesis are in fact 
only reparative responses to the injury that has been done On examination 
of a wide range of tissues irradiated to varying degrees, I have found no evidence 
of a stimulating effect 

Different tissues do not show umque changes Certain combmations of 
changes are charactensbo (9) as will be pointed out later Thus, though radia 
ti(Si tends to produce abnormal mitoses, vascular injury, and hyalmkation of 
collagen, these maj all be produced by other substances, aa hpoid soluble an 
esthetics, in the case of multiple mitoses, the heat of cautenxation, in the case 
of hyaliniiation of collagen, and a wide variety of physical and chemical agents 
in the case of vascular damage The early responses to radiation mjury seem 
to be m part concerned with altered fluid balance edema of the tissues and swell 
ing and vacuohration (10) of the cells are prominent features 
The histopathologist can saj with a fair degree of accuracy that a given tissue 
effect IS produced by radiant energy, but he cannot so state with infallibility 
Tho combination of two or more of the non-specific charaotenstics of radiation 
is strongly presumptive evidence that tho mjurj is in fact the result of radiation 
Thus the combination of giant and irregular nuclei, hyalme connective tissue, 
and thick walled hyalinired blood vessels would be difficult to explain on any 
other basis than that of a late rcspionso to irradiation 
It was noted early that various types of cells and vonoua tissues show injurj 
after i^ndelj different doses of radiation- Yiruscs may bo unchanged by radia 
tion of several hundred thousand r Some fibroblasts in vitro may survive 
100,000 r, whereas frog sperm maj bo profoundlj altered by as Uttle os 25 r 
This venation of response of different cells and tissues is of great importance 
chnicallv It is this variation in responso which permits radiation to bo used 
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as a therapeutic agent producmg injury selective, at least to a degree, for certain 
abnormal cells or tissues while spanng others 

In general, one classifies tissues or tumors as radiosensitive if there is gross 
change with radiation of less than 2500 r given under ordinary therapeutic 
conditions Such radiation does not usually injure most tissues permanently 
A tissue IS considered radioresponsive if such alteration occurs ivith a range 
between 2500 and 5000 r and radioresistant if over 5000 r is required for a re- 
sponse At or above this dose some permanent mjury is done to a number of 
normal tissues (9) 

That vanations m sensitivity to radiation are not necessarily dependent on 
specificity of protoplasm is showm by the extraordinary vanations m effect on 
Drosophila at different stages of the life cycle The ova have a median lethal 
dose of 165 r and the late pupae have a median lethal dose of 96,000 r For- 
tunately for tumor therapy, cells m mitosis are much more sensitive than resting 
cells Other physical agents, of course, vary m the extent of mjury they cause 
to different stages of development of the same organisms, but not to so great 
a degree Thus eggs of AnkylosUma camnum are readily killed by freezmg with 
dry ice, whereas the larvae live frozen for weeks (11) 

The assumption has been made (the law of Bergom6 and Tnbondeau) (12) 
that more primitive cells are more sensitive to radiation For example, the 
lymphocyte is the most easily injured of somatic cells and the neuron is one of 
the most resistant cells of the body as might be expected from its high degree 
of orgamzation and its low metabohc activity While this assumption holds 
to some degree m the ammal organism, it is not a consistent rule Thus the 
relatively simple organism Chaos chaos, or giant ameba, is extraordinarily re- 
sistant to radiation while the specialized ciliated epithehum of the mammahan 
bronchus is highly sensitive 

Much of our knowledge of vanations m response of different cells, tissues, and 
tumors IS empmcal Several valuable reviews of radiation effects m general 
are available (9, 13, 14, 15, 16, 17, 18) as well as of effects on tumors (19) 

Injury, whether to tumor tissue or normal tissue, due to therapeutic irradia- 
tion, unhke that due to other physical agents, is not immediately apparent on 
inspection at the site of the mjury or elsewhere Several days may elapse 
between the time of irradiation and the first -visible changes in the skm With 
ordinary therapeutic doses, this latent penod m all probabihty is only apparent, 
as mtracellular changes have been shown to develop almost immediately follow- 
mg the onset of irradiation The height of reaction may not be reached for 
several weeks and if the dose has been heavy, new evidence of mjury may de- 
velop even after months or years Much of our present mterpretation of the 
so-called latent penod rests on expenments performed m the early days of 
radiation and earned out ivith variable physical factors owmg to both mechamcal 
inadequacy of the source of radiation and inadequate physical means of measur- 
mg the amount of radiation given It might well be profitable to reinvestigate 
some of our knowledge of the latent penod 

In some cells and particularly m the germ cells, the latency m appearance 
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of mjur> IS real Only a portion of a single chromosome may be damaged and 
no effect may appear until a number of mitoses have taken place, finally resulting 
in the de\elopment of a cell in which the ongmal masked chromosomal mjurj 
will become apparent through marked alteration m form, function, or even m 
cell death (20) 

One common assumpbon lias been made by both laj-men and physicians 
that in the course of treatment of a given lesion by radiation any permanent 
damage to normal tissue or the production of an t raj Tjurn” represents evidence 
of incompetence This is not true Radiation cannot be given effectively to 
any tissue wathout at least some effect on adjacent tissue and the character of 
that effect hinges not onlj on the skill of the radiologist but on the dosage of 
radiation which it was necessary to dehver to accomplish the therapeuhe end 
desired As more and more patients ore cured of tumor by radiation, w e will 
inevitably see undcsired late sequelae of radiation, vaiymg from atrophic skm 
and disfigurmg telangiectasis, to actual extensiva necrosis 

The sensitivity of cells vanes not only between types of cells themselves but 
evan m the same cell with vanous stages in its life cycle Thus the nuclear 
chromatm in general is affected more than is the cytoplasm, and due to its rela 
tive importance, nuclear mjury has profound effects on the cell as a whole The 
nucleus m mitosis is particularly sensitive In the human and many ammals, 
the early prophase is apparently the stage m which the cell is most susceptible 
to radiation mjury With a fairly intense source of radiation, there will be 
decrease m mitotic activity mthm one halt hour of the onset of radiation and 
there will be practically complete cessation of mitotic acUvity up to twelve hours 
vnth recovery under way by eighteen hours provnded the cell survives (21) 
While mjury to nuclear structures may be done at all stages of mitosis, by and 
large mitosis once mitmted tends to contmue through to completion Evidence 
of radiation injury may be apparent in these contmmng mitoses, howenrer 

The tvjiea of visible change produced are I, inhibibon of mitoses, 2, breakage 
of chromosomes, 3, lagging of chromosomes, 4, complete or partial adhesion 
of chromosomal pmra 6, asymmetry of mitosis There is a maiked tendency 
for multipolar mitoses to develop following radiation (22) Three stages of 
mitotic mjury were noted by Politier (23) the immediate stage with inhibiUon 
of nutoses pscudo-amitosis and pyknosis, the mtermediate stage, during which 
mitotic acbvity is praobcally absent, and the later stage during which abnormal 
or mulbple nuclei are formed as a result of a divusion of nuclei whose chromosomes 
hav e been injured This jieriod of abnormal mitosis is most marked from 24 
to 90 hours after irradiation in case of some tumor tissues. The occurrence of 
mulbpolar mitoses is, of course, accompanied by and perhaps dependent upon 
the occurrence of multiple centrioles and ns many as 50 per cent to 80 per cent 
of mterkmebc cells may present mulbple centrioles following radiation (22) 
It IS important to remember that the visible injurious effects on the nucleus and 
on mitosis are not pathognomonic of radiabon and may be produced by heat, 
ether and other means 

The effects on the cytoplasm and its constituents are less well understood thnn 
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those on the nucleus, m part because it is difficult to tell what cytoplasnuc al- 
terations are pmnanly due to nuclear injury and what are actually direct effects 
on the cytoplasm itself 

The first cytoplasmic change noted m tissue culture is the cessation of motility 
and the retraction of pseudopods with a resultant rounding up of the cells 

Perhaps the most consistent feature notet^ m the cytoplasm is vacuolization 
(10) This occurs m a high proportion of cells damaged by radiation and is 
most apparent in those gomg on to necrosis This vacuohzation suggests an 
altered permeabihty m the cell membrane The vacuohzation is due at least 
m part to inhibition of flmd as the cells mcrease materially m size, roughly 
parallelmg the degree of the vacuohzation Other constituents of the cytoplasm 
are not particularly involved The mitochondria will be injured by heavy 
radiation but this mjuiy is not characteristic The Golgi apparatus is some- 
times fragmented and appears swollen with a sublethal dose of radiation Re- 
covery usually occurs 

In orgamzed tissue preparations, loss of cell function is early apparent Thus 
the ciha of respiratory epithehum cease to function very promptty after the 
onset of radiation The power of phagocytosis is lost within a few hours and 
the secretion of mucus ifi the mtestmal tract is mcreased very stnkmgly withm 
some days The secretion of acid by the gastnc mucosa may be brought about 
a few days after radiation and will persist for some two to four months Dryness 
of the mouth due to deficient sahvation is a frequent accompamment of thera- 
peutic radiation about the mouth 

Among the interestmg effects produced by radiation on mtracellular tissues 
are the changes m bone (24) The charactenstic feature is the mamtenance of 
mtegnty of structure with ebumation and devitahzation without leukocytic 
reaction The osteoblasts disappear, the osteocytes are absent and the lacunae 
which they occupied are apparent as empty spaces Frequently the canalicuh 
are enlarged and very irregular but reduced m numbers Abnormal spaces 
may appear about the lamellae As a rule the density is markedly mcreased 
and an almost ivory-hke texture is apparent This is emphasized m the x-ray, 
showmg as dense zones This mamtenance of structure m spite of heavy radia- 
tion IB due m part to the slowness of metabohc processes m bone and m part to 
the existence of its amorphous substrate 

Osteoclasts are apparently shghtly more sensitive than are osteoblasts and 
at least a portion of this ebumation may result from a reduction m the usual 
resorption of the bone More rarely mjury will be apparent as rarefaction as 
a result of excessive resorption and m these instances it is due to hahsteresis 
rather than to osteoclastic over-activity The changes in the osteocytes them- 
selves are not stnkmg, pyknosis, vacuohzation and disappearance following 
more or less m sequence A stnkmg feature is the absence of any zone of de- 
marcation between the normal and irradiated bone, one shadmg off mto the 
other There is no sequestration m the ordinary sense Usually when seques- 
tration occurs, it is because of the advent of secondary infection Such infection 
may develop m irradiated bone, and wffien it appears the picture resembles 
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chronic osteomyelitis of long standmg Irradiated bone is more susceptible 
to Infection than is normal bone because of its poor cmnilation, lour cellulanty 
and necrosis. Necrotic bone acts as an infected foreign body 
The cells of the epiphyseal hne are much more easdj mjured than are osteo- 
cj'tes The columnar pattern becomes disorgamred and some cells are damaged 
and disappear (25) If the dose of radiation has been shght, regeneration occurs, 
but if heavy, growth at the epiphysis wiU bo lessened or cease However, a 
moderate dose of radiation ivill not hamper heahng of a fracture 

In considering the result of irradiation of cells their relative sensitivity must 
be kept m mind If somatic cells were to be arranged m order of decreasing 
sensitivity to radiation, there would be first Ijraphocytes, then granulocytes, 
then eprthehum, smooth muscle fibroblasts and their derivatives, and finally 
neurons The sensitinty of the germ cells is probahlj of the same order as that 
of the lymphocvtcs The immature ova are apparently more resistant than 
are the matured ones, since a dose of 1200 r at 200 KV potential, for example, 
administered to the ovaries of a woman m the childbcanng penod will mduce 
amenorrhea and sterility, usually followed m a number of months by a resump- 
tion of the menstrual cycle and fortuity 
The effect of radiation on germinal cells mnst be considered as somewhat 
different from that on somatic cells While x ray mjuncs to normal tissues 
were noted within a few months after the discovery of roentgen radiation, the 
sensitivity of the ovary and testis was not noted until eight years had passed 
by Bergomd and Tnbondcau (12) pomted out that the more primitive cells, 
among which are the gernunal cells, were more susceptible to radiation than 
better chfferentiated cells In recent years, chiefly through the work of Muller 
(20), the effect of radiation on germ plasm received added emphasis through 
its appheation to genetic studies The imtial techmque was simple Male 
Drosophila were irrariiated and mated with normal virgm females The off- 
spring were then exarmned for abnormrUities In general the normal mutation 
rale IS practically doubled m Drosophila by a dose of 30 to 40 r applied to the 
germ cells lymg m the gonads \Table mutations occurred only one tenth as 
frequently as lethal mutations Further evidence has been brought out by the 
mutation of chromosomal aberrations (20) 

Henshaw (!) concludes that x-rny-mduced mutations are a result of local 
rather than general exposure, that the results of previous exposures are additive, 
that the durabon and frequency of exposures do not influence the reaction, that 
recoverv does not occur, and that general idiosyncrasy is important 
It mav bo fmr to assume that Irradiation of human gonads would give the 
same proportion of lethal mutabons to vuable mutabons as m Drosophila, 
namely , ten to one This might account for the relatively low mcidence of 
abnormal embryos in the human The experimental data have been reviewed 
by Murphy (27) and human data have been presented by Jost (28) and by Hickey 
and Hall (29) In Jost’s senes of C3 pregnancies following pelvic irradiation 
of 141 women, there were 14 aborbons and 41 live children, only one of these 
was abnormal, showing underdev clopment with strahismus and my opia, Hickey 
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afid Hall (29) obtained information from 377 radiologists with regard to fertility 
and abnormalities of offsprmg Thirtj'-seven per cent of the couples had no 
children, and of the 412 children 4 per cent showed abnormahties 

There is no question but that moderate to heavy radiation of the embryo 
is deletenous If the irradiated embryo survives, the abnormahties that sub- 
sequently develop may be qmte characteristic The eyes are frequently m- 
volved, the epiphyseal Imes may show evidence of m]ury with stnkmg alteration 
m the growth of the bones mvolved (usually those of the extremities) Gold- 
stem and Murphy (30) reported on 75 children who had been irradiated m utero 
Thirtj’’-eight showed defects or senous ill health, 20 of the 75 showed central 
nervous system changes and 16 per cent of the group were microcephahc 

This distmction between somatic cells and germ cells has an important rela- 
tionship to the whole problem of radiation effect, because the protection planned 
to avoid somatic tissue mjury may not be adequate for protection of the germ 
plasm The ordmanly accepted tolerance level for protection is 0 1 r per day 
In estabhshmg any level for the tolerance dose, it is important to remember 
that other criteria exist than the obvious ones often adopted, the development 
of dermatitis or stenhty The lymphocytes have long been established as the 
most sensitive of the somatic cells As has been noted by Russ (31), Hen- 
shaw (7), Warren (32) and others, the lymphocyte count in the penpheral blood 
IS probably the most sensitive index that we have of somatic radiation mjury 
This IS manifest by a lowenng of the lymphocyte count followed by recovery 
in 12 to 20 days, frequently still later followed by an over-compensation with a 
lymphocytosis of fairly long duration 

In most somatic cells, 3 different stages of injury may be recogmzed as of 
mcreasmg seventy alteration of function, alteration of structure, and necrosis 
Not all sts^es occur m all cells irradiated, Etnd rarely the descendants of survivmg 
cells may become neoplastic 

The r61e of infection m deter minin g the response to radiation either m non- 
neoplastic or neoplastic tissues is important, but httle understood Chmcal 
expenence has demonstrated that infected tumors are more resistant to radiation 
than are the same tumors free from infection The mechanism mvolved is 
unknown That irradiation of shght mtensity is of value m the treatment of 
certain infections has been proved, particularly m the case of acute parotitis 
Here the hyperemia mduced is probably of importance 

Tissues damaged by radiation are susceptible to infection Infection, if it 
occurs, accentuates particularly the late deletenous changes In mterpretmg 
the course of infection in tissues that have been irradiated, two factors must 
be kept m mmd first, the impairment of the vascular supply greatly hampers 
the normal defense mechanisms of the body, second, the dense hyalimzed inter- 
cellular substance of irradiated tissue supported by cells already mjured, when 
exposed to infection is readily killed and acts as a sequestrum keepmg ahve the 
infection An excellent example of this type of change may be seen when the 
presence of a carcmoma of the gum has made necessarj’’ heai^ radiation of the 
region of the jaw Usually, m order to eradicate the tumor, it is necessary to 
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use a sufEdcnUj great dosage to cause marked mjurj to the surrounding normal 
tissues Through the ulcerabon opened up by the necrosis of the tumor, bac 
term from the mouth raaj gum access to radmbon-damaged bone and to h> a- 
liniied collagen of the fascia, Smce in irradiated bone there is no clear cut Iran 
nUon from healthy bone to that mjured but rather a gradual transibon from 
healthy bone through that shghtly damaged to dead, there is usually no seques 
tration Hoaover, aa the inlecbon progresses through tissues with impaired 
blood supply and encoimters already mjured cells, it is not walled off and gradual 
dismtegrabon of the more severelj damaged bone occuis This is usually dis 
charged m fragments, followed by further necrosis mduced bt progress of the 
infecbon until ulbmately the chrome osteomyehUs may extend well beyond the 
ffelds of radiation Similarlj if the ulcerabon and infecbon extend to the fascinl 
planes of the cheek, there will be progress of low grade infecbon along the rela 
biely mert collagen of the fascia, many of whose supporting fibrooytes ha\e 
been either killed or heanly damaged by the radiabon The fasem becomes 
necrotic, shreds, and is discharged m sequestrated fragments Such a process 
of necroas and sequestration may continue for several years 
Sometimes the effects of infection will be combmed with those of trauma in 
producing lesions of chnlcal importance m irradiated tissue As an example 
of this, we may consider the radiation ulcers of the mtestmal tract (33) In 
the course of the irradiation of tumors of the abdomen and particularly those 
of the pelvis, it is mevitable that more or less e.xposure of the mtestinal tract 
occurs, resulting in i-arjing degrees of radiation mjury In observation of the 
radiation ulcere one is Impressed by the fact that thej are much more localised 
than IS the field of radiation and the resultant abnormality of the mtestmal 
w all, and their localitation is such that it is difficult to mterpret them aa occumng 
as a result of radiation alone If we follow through the sequence of ei'ents m 
the lesions noted clmically and m those produced experimentally, it becomes 
apparent that ulceration occurs because of trauma and infection impmgmg upon 
an altered mucous membrane and bowel wall, structurallj’ and functionallv 
damaged by radiation and imperfectly regenerated While it has been suggested 
that radiation ulcere might bo due to obhterahon of blood vessels as a result 
of the radiation, our observations do not confirm this 
Another e.xample of the aggraiation of radiation mjuiy by trauma with or 
without infection is demonstrated m the case of chronic radiation injury of the 
hand This lesion, exemplified ivell In many of the earlj x ray workers, has been 
long studied and is as well understood as is any radiation lesion Owmg to the 
radiation changes of the epidermis, the cells are thin , abnormal, disarranged 
and hyperkeratotic The cutaneous glands are absent, so that their secretions 
which aid m keeping the normal epidermis soft and pliable are of no aimil in 
protecting the thin, scalj, irradiated epidermis Moreover, as a result of the 
radiation injun , the rete pegs are largely amoothed out and the basement mem 
brane is degenerated The epithelium rests almost without structural bondmg 
on the hyclinited curium which is a poor substrate for even normal epithehum 
The impaired blood supply further contributes to the lowered resistance to 
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mjuiy and inability to repair, so that traumatism of the skm readily results 
m ulceration Ulcers, once formed, tend to persist almost mdefimtely owing 
to unfavorable conditions both for epidermization and combatmg of infection 
As a result of abortive efforts of repair, often contmued for years, the epithehum 
at the margm of these radiation ulcers may become carcmomatous 
Radiation mjuiy of the skm has long been recogmzed, both because of the 
number of cases of radiation dermatitis or radiation carcmoma that developed 
m radiologists and m their patients and, second, because of the utihty of the 
cutaneous erythema as a means of gaugmg radiation dosage Therefore, at 
the risk of repetition, the histologic sequences wiU be considered The gradual 
transition over a period of years from healthy, elastic, normal skm to dry, 
atrophic, smooth or focally hyperkeratotic skm may be followed with ease The 
first change noticeable, immediately after irradiation, is a cessation of mitotic 
actmty m the epithelial cells, followed m a few days by edema of the subcu- 
taneous tissue with basal dilatation and evidence of vascular damage ranging 
from none to complete thrombosis At this time the gross erythema and edema 
of the acute reaction are apparent The collagen fibers, at first merely separated 
bv the edema, become swollen and tend to coalesce Later there is mcreased 
production of collagen with the formation of dense, almost glossy, hyalme 
mtercellular substance The elastic fibers swell, fray, and, dependmg upon the 
seventy of the irradiation, either become mcreased m amount or disappear 
With progress of tune, the epithelium becomes thm and the rete pegs tend to 
disappear, leavmg an almost straight boundary between the epithehum and 
conum, with loss of the basement membrane This change, if it mvolves the 
fingers, may result m loss of the mdividually characteristic fingerprmts The 
skm appendages atrophy and disappear There is an mcreased production of 
melamn by the basal cells Distortion of the arrangement of the epithehal 
l^j’^ers IS followed by hyperkeratosis, sometimes focal m character, and the 
appearance of abnormal epithehal cells, sometimes with atypical mitoses 
Such of the more superficial vessels and capillanes as survive are telangiectatic 
The deeper vessels are usually partially, or some even completely, occluded, 
with some endothelial proliferation, by hyalme thickenmg of their walls The 
epithehum, as it proliferates focally, penetrates somewhat mto the conum, and 
finally becomes actively mvasive (34) Years are required for the evolution 
of a carcmoma of the skm secondary to radiation The observations of Wol- 
bach (35) m this field are classical and deserve study by all those mterested 
Radiation mjury of several tissues as well as the skm, particularly that pro- 
duced by repeated even though small doses, may lead to the development of 
neoplasms The pattern of evolution followed is similar to that of many of the 
induced tumors mjury necessitatmg long contmued reparative activity, ab- 
normal environment of the proliferatmg cells and probably mutations mduced 
m those cells In the human I have seen epidermoid carcmoma, basal cell 
carcmoma, fibrosarcoma, osteogemc sarcoma, and mj-^elogenous leukemia, which 
apparently developed on the basis of radiation mjuiy Also ascnbed to the 
effect of radiation have been carcmoma of the lung (as seen m the 3chneeberg 
mmers and some radium workers), lymphatic leukemia and other lesions 
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Since the greatest use of therapcuUo radiation is in treating tumors, separate 
descnptiona Mill be given of the radiation changes in examples of the radio 
sensiti\ e, the radio-responsive, and the radio-resistant tumor 
As an example of histopathologic changes induced b\ irradiation of a radio- 
sensitive tumor we mav select as a fairly typical example the response of a 
liTnph node involi ed by Ijunphosarcoma Withm a few hours after the penod 
of radiatiDn there voW he swelhng of the node, which graduahj goes down and 
at the end of sei eral daja the node, assummg the response has been satisfacton 
will be barelj palpable If we follow microscopically through the course of 
01 ents that underlies this senes of changes, ive will see first a cessation of mitobo 
activity m the tumor celts with necrosis of cells, both those undergomg mitosis 
and c^ in the resting stage This necrosis is followed by autolysis of most of 
the necrotic cells, although some phagocytosis by macrophages of cells and cell 
fragments occurs The mcrcase m siie noted grosslj m the nodes dunng this 
penod IB the result of edema, probablj the result of the autoljlio process This 
results after a few days m the histologic picture of the node bemg that of the 
reticular net and smusoids distended with edema flmd, some phagocytic macro- 
phages, tmd almost a complete loss of the lymphoid elements Howoier, a few 
persist and usuallj after some weeks dr months the tumor process has reestab- 
lished itseK and may be e\ en larger than it was at the time of treatment Owmg 
to the hght dose capable of accomphshing this change, verj htUe, if anj , change 
will be noticed in the supporting tissues Usually the recurrent tumor (cure 
IS verj rare) is more resistant to irradiation than was the prunaiy tumor 
As an example of the effects m a radto-iesponsive tumor we may take epi 
dermoid carcinoma, grade III, of the cervix uten The effects of eqmvalent 
doses of radium and of \ ray irradiation, both of which may ho used m the 
therapy of this tumor, are essentially similar Very shortly after exposure 
mitoecs cease, sometimes within an hour Those cells in which the imtotic 
process has been initiated tend to carry through to completion but many of the 
celis die first Smee the radiation gu-en therapeuticaliy is weli over the threshold 
dose, mjury is done to the resting cells as well ns to the dividing celts The 
nuclei gradually become hyperchroniatlo and enlarge chromatin tends to he 
clumped rather than dispersed, and the nucleob become stnkmgly prominent 
Calcification of the nucleus has been reported The cytoplasm becomes vacu 
olated and the cells mcrease considerably in siie After 18 to 24 hours nutosis 
IS resumed to some degree but the proportion of abnormal mitoses with unequal 
spmdlcs, lagging chromosomes, chromosomal attachments or multi polar spmdles 
is appreciably higher than was previously the case As a result of the multi 
polar mitoses, tumor giant cells with biiarro and giant nuclei may bo formed. 
Other of the ahnormal mitoses lead to death of the cell Necrosis develops both 
as a direct result of irradiation and as a process secondary to vascular and 
stromal damage. Secondary infection may also play a part The cytoplasm of 
the survivmg cells tends to become more and more keratinised and sometimes 
the only residual cells will bo giant forms with promment keratinired coll mom 
branes, mtercellular bridges and kcrato-hyahne granules Whilo these changes 
are taking place in the tumor cells, the stroma does not remain unaltered The 
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fibrocytes of the stroma at first show no change but later some die and others 
become large, stellate rather than elongate, often vacuolated and may have 
irregular giant nuclei The collagen tends to lose its fibrillar structure, the 
fibers swell and coalesce to form a mass of dense hyahmzed material Here 
and there in the collagen, foci of necrosis develop with deposition of fibnn The 
elastic fibers swell at first and later partially dismtegrate The usual radiation 
scar contains but httle elastic tissue capable of function 

Very early m the course of radiation there is swelling or even necrosis of endo- 
thelial cells of blood vessels Where necrosis occurs and the vessel is small, 
there will be an occludmg thrombus, if large, there may be only a mural throm- 
bus The smooth muscle cells of the media are swollen and necrosis of them 
may occur Several weeks after irradiation the late vascular changes ivill 
usually have developed There will have been either thrombosis and orgamza- 
tion, or proliferation of the swollen endothelial cells to a sufficient degree to 
cause at least partial occlusion In the smaller superficial vessels and capillanes, 
the damage to the wall and back pressure from narrowed veins may brmg about 
a marked degree of telangiectasis In the larger vessels, a marked narrowing 
or occlusion of the lumen results, due in part to endothelial thickemng and 
proliferation and m part to thickemng and hyalmization of the connective tissue 
and degeneration of the elastica and muscle cells of the media 

The mitial tissue destruction by the tumor, the death of the tumor, the dense 
hyalme character of the connective tissue and the impaired blood supply lead 
to ulceration of the cerm. which presents qmte a characteristic appearance 
Superficially there is a zone of relatively cell-free fibrillar necrosis rather rem- 
miscent of that seen at the base of a chrome peptic ulcer This fades off over 
a distance of 20 to 50 micra, passmg through a stage of coarsely fibrillar, partly 
hyalmzed connective tissue to a zone of marked hyalmization Here and there 
a few leukocytes may be scattered but m general their response is mimmal 
jMore superficially there may be telanpectatic capillanes and venules and thick- 
walled or completelv occluded artenoles As one progresses farther from the 
surface, there may be a few scattered tumor cells embedded m the hyalme 
tissue These sometimes cluster mto small islands If the radiation has been 
sufficiently heavy, the tumor cells will not be present If a recurrence of the 
tumor develops, the tumor cells as a rule are smaller, less keratimzed and much 
more closely packed than they were dunng the penod of response to radiation 

As an example of radio-resistant tumors, we may take an adenocaremoma of 
the rectum Here as a rule very heavy radiation has to be given to produce 
any significant effect Most of the tumor cells will remam undamaged, some 
of them even undergomg mitoses m the face of a dose of radiation that will 
cause marked degenerative changes m the smooth muscle, connective tissue and 
blood vessels of the mtestmal wall Sometimes mcreased mucous secretion by 
the tumor cells results Partial regression of the tumor may occur, chiefly 
through mjury to its blood supply 

It IS important not to confuse radio-sensitivity of a tumor ivith radio-cura- 
bihty of that tumor Thus a lymphosarcoma is highly radio-sensitive but rarely 
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cured while epidermoid carcinoma grade I of the hp is resistant but often cured 
if the dose is sufficient Man> of the tumors that respond well to radiation 
initlall> will recur, and u5uall\ m a form more resistant to radiation than were 
the cells of the ongmal tumor Moreo\'er, the tumor ma^ ha\'e metastasixed 
pnor to treatment and radiation does not affect metas^ases that may have de 
\'dopcd outside the irradiated held any more than surgical remoMiI would affect 
metastatic growths outside the operative field 
While m general the radio-eensitivit^ of tumors tends to follow that of the 
type cell from which the> are derived, none the less there are stnking variations 
from this and our knowledge of the radiation responses of tumors of vanous 
types rests on clinical observation rather than on a prion reasoning based on 
assumed analogous behanor of the corresponding normal tissues when irradiated 
Ewrag’s tumor of bone is highl> sensiti^^e to radiation but osteogemc sarcoma of 
the bone is hi^y resistant Leiomj oma of the uterus usually responds well 
to radiation while leiomyoma of the mtestmnl tract does not respond so satis 
factonJy Neuroblastomas respond well to radiation, while gliomas and mela 
nomas ore very resistant 

There are also ^Tinatioas m sensitmtj determmed b> the stroma of the tumors 
A rclativelj acellular supporting tissue, os cartilage or bone giies a less favorable 
therapeutic reaction than does a cellular one, as new formed connective tissue 
or invaded muscle For example, basal cell carcinoma of the skin is easily cured 
bv radiation when located on the cheek whereas one occurring on the forehead 
ini^dmg the frontal bone is extremcl> resistant. In geneml it can be said that 
increased amounts of Intercellular substance m the supporting tissue of the 
tumor or secondary infection tend to increase resistance whereas a greater degeee 
of vasculant} tends to decrease resistance 
Although the elements of the histopathologic response to irradiation are 
fairly simple, so manj \'anable3 raaj operate to emphasise one and mask another 
that the lesions ma'v ^Tiry widely and bo difficult to diagnose until analysed 
With further studj inan\ of the responses of normal tissues and tumors should 
become more accurately predictable 
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THE BREAD PROBLEM IN WAR AND IN PEACE 
SAMXTEL LEPKOVSEY> 

DUtnon of PovUry Huihandry CoUtgt of AffruniUure, UniKrtity of CaUfomia Berkeley 

Bread, m tho Bible, is a term used to signify food Thus m Gen HI, 19, tho 
Lord says to Adam “In the sweat of thy brow shalt thou eat bread " It is also 
express^ m the prayer “Give us this day our dady bread Bread (whole 
wheat) IS practically a complete food upon which populations have often leaned 
heavdy for their source of nutriment and, mdeed, it has well earned its age-old 
title “the staff of life ” 

Tho separation of the ground whole wheat meal mto the coarse bran and fine 
flour beg^ very early and the fine flour was often considered tho choicest part 
of the wheat. "The Bible speaks of fine flour or meal, as a portion of the meat 
offerings to the temple” (1) The Romans had four or five grades of flour, tho 
finest, from which all the bran was removed, was eaten only by the nch (1) 
The ancients reahred that wheat flour suffered m nutntive value rdien the 
coarse bran was removed, and their wrestlers “ate only the coarse wheaten bread 
to preserve them m their strength of limbs” (1) Hippocrates, the father of 
medicine, who flourished over two thousand years ago, recommended the un 
bolted wheat meal bread “for its salutary effects on the bowel” (1) Bxpen 
mental evidence of the superior nutritive value of whole wheat flour as compared 
to white flour was furnished by Magendie, who rmght well be called the father 
of modem nutrition He found that dogs fed on the dark coarse bread hved for 
a long tune m good health, but deohned and died m less than two months if the 
bread fed was made of high grade white wheat flour (2) 

The “fine flour” referred to was not Impoverished to the extent of modem 
white flours Stone-milhng ground the wheat germ and much of the bran so 
finely that they coidd not be separated out by boltmg The “fine flour” was not 
white but had a creamy color Modem roller millin g operations do not grmd 
the wheat germ but flatten it so that it can be bolted out of the fine flour The 
bran IS flaked and more completelj removed The small amount of carotene m 
the flour is destroyed by specud bleaching processes The bleaching process 
gives “the artist’s touch” to man's ignorant abuse of hia “staff of life ” The m 
creased eflicienoy of modem milhng methods m destroymg the nutritive value of 
“tho staff of hfe” is shown in table 1 (2) 

This efficient destraotion of the nutnhvo value of whole wheat flour was per- 
fected and came mto general use after 1880 (2) It might well have had a 
disastrous effect on the health of our population had there not been nt tho same 
tune a general nso m the standard of hving with the result that the consumption 
of bread dropped sharplj while nt tho same time there was a great increase m the 

1 The writer wishes to thank Mrs J E 8 Baker of the Oakland A.WVE for her help 
in reviewing the literaturo which forms the basis of this work, Mrs Marjorie Ostrcr for 
constrnctlvo oritioism of tho manuscript and Edward H Heller for a financial grant to 
pay tho cost of work Involved in preparing the manusenpt 
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THE BREAD PROBLEM IN WAR AND IN PEACE 
SAMUEL LEPKOVSKY' 

DitUum o! PouUm HuAandry CoUtgc of AfncuUme Unuiertity of Californta Bcrkelty 

Bread, m the Bible, is a term used to signify food Thus in Gen HI, 19, the 
Lord says to Adam ‘Tn the sweat of thy brow shalt thou eat bread ” It is also 
express^ in the prayer “Give us this day our daily bread ’’ Bread (whole 
wheat) is practically a complete food upon which populations have often leaned 
heavily for their source of nutriment and, indeed, it has well earned its age-old 
title, “the staff of life ” 

The separation of the ground whole wheat meal mto the coarse bran and 6ne 
flour began very eatlj , and the fine flour was often considered the choicest part 
of the wheat ‘The Bible speaks of fine flour or meal, as a portion of the meat 
offermgs to the temple" (1) The Romans had four or five grades of flour, the 
finest, from which all the bran was removed, ivas eaten only by the nch (1) 
The ancients realised that wheat flour suffered m nutntive value when the 
coarse bran was removed and their wrestlers "ate only the coarse wheaten bread 
to preserve them m their strength of limbe” (1) Hippocrates, the father of 
me^cme, who flourished over two thousand years ago, recommended the un 
bolted wheat meal bread “for its salutarj effects on the bowel" (1) Eitpen 
mental evidence of the superior nutntive value of whole wheat flour as compared 
to white flour was furnished by Magendie, who imght well be called the father 
of modem nutrition He found that dogs fed on the dark coarse bread lived for 
a long tune m good health but declmed and died m less than two months if the 
bread fed wns made of high grade white wheat flour (2) 

The “fine flour” referred to was not impoverished to the extent of modem 
white flours Stone-milhng ground the wheat germ and much of the bran so 
finely that thej could not bo separated out by boltmg The “fine flour” was not 
white but had a creamj color Modem roller milling operations do not grind 
the wheat germ but flatten it so that it can be bolted out of the fine flour The 
bran IS flaked and more completely removed The small amount of carotene m 
the flour is destrojed by special bleaohmg processes The bleaching process 
gives “the artist’s touch” to man’s ignorant abuse of his “staff of life ” The m 
creased efficiency of modem milluig methods m destrojong the nutntive value of 
“the staff of life” is shown m table 1 (2) 

This efficient destmetion of the nutntive value of whole wheat flour was per 
fected and came into general use after 1880 (2) It might well have had a 
disastrous effect on the health of our population had there not been at the same 
tune a general nse in the standard of hv-mg with the result that the consumption 
of bread dropped sharplj while at the same time there was a great mcrease in the 

‘The writer wishes to thunk Mrs J E 8 Beker of the Oakland A,tV VU for her help 
in rerlewdnE the literaturo which forms Iho bails of this work Mrs Marjorie Ostrer for 
eonstrnotivo orltlolim of the manuscript and Edward H Heller for a financial pant to 
pay the coat of work Involved in preparing the manuscript 
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consumptvon of butter, eggs, milk, fruits and vegetables other than potatoes (2) 
Sylvester Graham (1) pomted out in 1837 that fine flour was not injurious pro- 
vided only small amounts were eaten or much “animal flesh” was consumed at 
the same time Osborne and Mendel (3) recently confirmed this idea expen- 
mentahy and showed it was due to the proteins and vitamins furnished by animal 
foods such as meat, milk and egg These foods are now known as “protective 
foods ” 

We depend on “protective foods” to supply white bread -eatmg populations 
with proteins of high quality, mmerals and vitamms The “protective foods” 
mcluae eggs, milk and milk products, meat, fish, fruits, vegetables and whole 
wheat The “protective foods” mth the exception of whole wheat are more 
expensive than the vegetable foods, and malnutntion has often been found asso- 
ciated with poverty (4) 


TABLE 1 

Compositton oj 100 grams 



“wflirz rroDs” 

XOLLEH imx 

JXOUX 

Protein, gram 

12 5 

10 1 

Fat, gram 

1 4 

0 9 

Minerals, gram 

1 1 

0 4 

Calcium, mgm 

44 0 

20 0 

Phosphorus, mgm 

180 0 

92 0 

Iron, mgm 

3 3 

1 0 

Carotene, mgm 

0 2 

ml 

Riboflavin, mgm 

0 02 

0 01 

Thiamin, international umte 

100 

10-16 


Dunng wars, populations are forced to depend pnmanly on vegetable foods 
and wheat becomes of special importance There are many reasons why this 
16 so 

1 Soldiers need more food than they would require as civihans and their 
nutrition is of critical importance Thej’’ get first choice of “protective foods ” 
Workers m war mdustnes also require more food 

2 Conversion of vegetable foods mto animal products or “protective foods” 
IS a very costly process Only 5 to 10 per cent of the feed fed is recovered as 
meat and 15 to 20 per cent as milk or eggs 

3 Our Alhes, England and Russia, must eat the vegetable foods they raise, 
and some of the “protective foods” necessary to supplement their diets must 
come from this country 

4 Wars are destructive both of foods and food producmg areas 

5 Efficient farmmg in war time is impossible because of diversion of man- 
power from the farm to fightmg forces and war mdustnes 

6 Populations of occupied countnes and prisoners must be fed 

The United States started the n ar mth a tremendous surplus of food, especially 
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of cereals The farmere were uiKed to increase the production of meat, milk and 
eggs, and ns an mducement the government set prices on these "protective foods” 
high enough so the farmers could make a profit The hvestock population 
reached an all tune high and produced animal foods m greater quantities than 
ever before Yet there was not enough meat, mdk and eggs produced to satisfy 
the demand with the result that ratiomng, both voluntary and governmental, 
had to be resorted to to spread the supplj The surplus animal feeds were soon 
exhausted Liquidation of the hvestock population was instituted to bring in 
line the anunal population with available feed supplies The supphes of avad 
able "protective foods ’ are bound to decrease whde at the same tune demands 
are Increasmg The reduction of anulable "protective foods” has m fact been 
confirmed by the President of the Lmted States (116) The decreased mtake 
of “protective foods” must result m an mcreased consumption of bread This is 
charactenstic of war food economy Under such conditions the character of the 
bread, whether white or whole wheat, becomes of importance m the national food 
economy and m national health 

Dietary surveys before the war have been interpreted to show that large 
seebons of our population are undernourished (6) If such a condition existed 
with a practically unlimited supplj of "protecti\o foods,” theu decreased mtake 
must obviously cause a detenoration of the nutnbonal status of the populahon 
If the loss of "protective foods” of anunal ongm could be replaced by a food of 
plant ongm equally ‘protcctne," the nutntivo status of the populabon could 
be mamtamod Fortunatelj in whole wheat we have just such a food Since 
the gov emment has reduced the intake of the “protecUve foods’ of the popula 
bon by rationing and their remov al from civilian food channels the government 
bears a rosponsibilitj to the people to correct this possible dietary deficiency 
It has not chosen to substitute whole wheat for the "protective foods” lost, but 
instead has resorted to the use of "ennehed’ white flour 

Under normal circumstances in a free country, the oituen has the nght to 
choose a deficient diet if he wishes and to deal with the consequences In his own 
way In war, the government deprives the citizen of freedom to choose foods 
which he has learned from experience keep him m a fau state of health Under 
such conditions the government beats a responsibilitj to the citizen to help him 
adjust himseh to changing food condibons so he may properly nourish himself 
The purpose of this review is to consider this whole quesbon m the light of avail 
able evidence Spccml attention is paid to expcnences m previous wars because 
of the liglit they shed on our present situation 

■Wars and nctritiov IVars stimulate interest m nutntion The soldier 
must be fed properlj to wm battles Tlie population at home must bo fed ade- 
quately to rmuntaln morale and to manufacture the munitions of war Nutrition 
has been the concern of mihtarj men during war or in anticipation of war 

About 1880 benben had liecomo n scourge among Jajxmesc sailors, and fearful 
of the consequences of incapacitated naval personnel should war break out 
Takaki (G) investigated the problem, and found that the disease could bo prac 
ticnllv eliminated bv substituting barlev for a largo part of the polished nee in the 
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diet of the sailors, increasing the meat and vegetables, and mtroducmg con- 
densed rmlk 

J B Orr (7) recently recalled that durmg the Napoleomc wars the men from 
northern England and southern Scotland who hved m the country and had 
plenty of whole wheat gram, milk, eggs and vegetables were big, powerful and 
energetic men who made the best infantry soldiers of Europe During the Boer 
war a large percentage of the recrmts from this distnct were short frail weakhngs 
who could not be used as soldiers A commission was appomted to mvestigate 
the cause of this stnkmg change m the physical condition of these men, and the 
most probable explanation found was that many people had moved off the land 
and had gone mto the ^ums of the big cities where their eating habits had 
changed, and they were dependmg too largely on white flour and sugar 

Wiley (8) pomted out m 1915 that recrmtmg officers m France, Germany, 
England and Italy were struck with the growmg percentage of men unfit for 
mihtary service, and the generally accepted cause was deficient nutntion, espe- 
cially m infancy and childhood Drummond (2) pomted out that the Italian 
disaster at Caporetto was m large part due to "more than 7 months’ subsistence 
on madequate nourishment ” 

McCamson (9) after the last war emphasized the r61e of nutntion m gastro- 
mtestinal disturbances and emphasized the importance of vitamin B (vitamm B 
complex had then not been differentiated) He insisted that bad diets consisting 
of white bread, sugars, margarme devoid of the A vitamm, boiled vegetables and 
tinned meat are the foundations of gastromtestinal disease (10) 

In the present war, gastromtestmal disorders are receivmg a great deal of at- 
tention m England Gastromtestinal disorders and functional dyspepsias out- 
classed m mcidence any other group of disorders (11) and accounted for 25 per 
cent of the cases sent home from the British army m France m 1940 Apparently 
the disorders of the stomach and duodenum had become more common m medical 
practice m England durmg the last few years (11) In very few instances have 
the gastric disorders ongmated durmg mihtary service (12) Apparently most 
of the patients durmg civil life had learned to adjust then diets and mode of life 
to keep their mdigestion under control Many of the acute ulcers were the 
result of breakdown of old standmg ulcers under the conditions of active service 
(13) Under the stram of heavy air raids there was also an mcrease m perforated 
ulcers m the civil population (14) 

The vitamm B complex has been reported m clmical studies (15) to be bene- 
ficial m gastromtestmal malfunction In experimental animals gastromtestinal 
disturbances are associated with deficiencies of the vitamm B complex or its 
vanous components (16, 17, 18) 

The r6lb of bread in nutrition One of the best treatises on bread is that 
of Sylvester Graham (1) published m 1837 It is not only very mteresting but 
IS apphcable to our present day bread problems In general, his ideas have 
proven to be scientifically correct His work is frequently quoted but apparently 
seldom read, and for this reason wiU be discussed here m some detail 

Graham (1) emphasized that bread is one of the most important, if not the 
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most important, articles of diet entering into the food of man He also empha- 
eiied palatRbility m bread, that from the some wheat kernel can be prepared a 
most delicious article of diet or “the most miserable trash that can be imagmed ” 

Graham (1) had an unusually good understanding of the nutntive properties 
of bread The whole wheat bread was almost a complete food and m addition 
could cure digestive disorders such as constipation and diarrhea He warned 
that the removal of the bran by bolting the milled flour reduced the nutntive 
value of the “fine flour*’ obtamed 

He (1) quoted a Judge Peters *^aron Steuben has often told me that the 
peculiar healthfulness of the Prussian soldiers wns in a great measure to be attrib- 
uted to their *ammumtion/ — bread, made Of gram, tnturated or ground, but not 
bolted, which was accounted the most wholesome and nutntious part of their 
rations “ 

It IS of great mterest that the ^^go^ of the German soldier today has also been 
attnbuted by Wilder (19) to be due m a large measure to the same type of 
bread “The world has been impressed by the terrific ml^t of the German 
armies We have witnessed unheard of mflitary efficiency Ihe German sol 
dier seems to possess unusual capacities Not only has he been able to endure 
extreme exertion but his poise and fortitude has been remarkable — ^Hitler and 
his henchmen would have us beheve that this implies race supenonty I don't 
beheve it — But Germany early put to work the science of nutntion The Ger 
man youth and the German army are well fed Their bread, Koumissbrot, part 
rye, part wheat, is made of whole gram flour — the ration calls for a pound and 
one bftlf a day ' 

Similarly, WUUnms and Wilder (20) attribute much of the po^s'er of the Russian 
Army to their nhole grain bread “The Russian army is fed whole gram Thus 
for it is the only armi to match successfully the whole-gram eatmg army of the 
Naris The endurance of the Russian citiicn equals the vigor of the Russian 
soldier The Russian people, eatmg whole gram bread receive important 
nutnents demed to people nho depend on otdmaiy' white flour for their bread ’’ 
Yet these authorities did not recommend whole grain for our army or our civil 
population 

During ware, foods become scarce and bread assumes very great importance 
m the life of wamng nations Dunng the war between England and France 
near the close of the eighteenth century, wheat became very scarce m England 
Smcc her experience then has been repeated in World War I and agam dunng 
this war, it will be dcscnlied m detail as a quotation bj a Mr Pnor (1) 

WllUamPittwos then pnmeininlst«r of itat® ond at hlBinrtlmco tho govomment recom 
mendod to tbo people generally throughout Great Britain to ■nbatitute potatoes and nee 
B4 far a« powlblo for bread In order to aave the wheat for the foreign nnny This recom 
mendatlon was promptly eompliod with by many of the people Bat still the scarcity was 
alarmingly great In this cmorgency parliament pawed a law (to tako effect for tn o years) 
that the army at homo eboold bo supplied with bread made from unbolted wheat meal, 
solely for tho purpose of making tbo wheat go as farjas poeslble — ^My father whom I baTe 
often heard talk these things orer was n miller ana baker and resided in the count> of 
Essox on tho border of Suffolk and near the bairaeki containing eighty thousand soldiers 
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He contracted with government, to supply the eastern district of the county of Essex, with 
the kind of bread I have mentioned and he used always to §end me with it to the deposi- 
tories on the day it was baked and though I was then a youth, I can still very distmctly 
remember the angry looks and remarks of the soldiers, when they were first supplied with it 
Indeed they often threw their loaves at me as I passed along, and accompanied them with a 
volley of curses The result of this experiment was, that not only the wheat was made to 
go much farther, but the health of the soldiers improved so much and so manifestly, in the 
course of a few months, that it became a matter of common remark among themselves, and 
of observation and surpnse among the oflScers and physicians of the army These gentle- 
men at length came out with confidence and zeal on the subject, and publicly declared that 
the soldiers were never before so healthy and robust, and that disease of every kind had 
almost entirely disappeared from the army The pubbe papers were for months filled with 
recommendations of this bread, and the civic physicians almost umversally throughout 
Great Bntain pronounced it far the most healthy bread that could be eaten, and as such, 
recommended it to all the people, who very extensively followed the advice — and the 
coarse wheaten bread was very generally introduced into families — female boarding schools, 
and indeed all public institutions The nobihty also generally used it, and in fact, in many 
towns, it was a rare thing to meet with a piece of fine flour bread The physicians generally 
asserted that this wheaten bread was the very best thing that could be taken into the human 
stomach, to promote digestion and penstaltic action, and that it, more than anything else, 
would assist the stomach in digesting other things which were less easily digested, and 
therefore they recommend that a portion of it should be eaten at everi^ meal with other 
food 

Still, after this extensive experiment had been made with such happy results, and after 
so general and full a testimony had been given in favor of the coarse wheaten bread, when 
large supphes of superfine flour came in from America, and the crops at home were abundant, 
and the act of parhoment in relation to the army became extinct, most of the people who had 
before been accustomed to the use of fine flour bread, now by degrees returned again to their 
old habits of eating fine bread Many of the nobility, however, continued to use the coarse 
bread for a number of years afterwards General Hanoward, Squire Western, Squire 
Hanbury and others hving near my father’s, continued to use the bread for a long time, and 
some of them still used it when I left home and came to Amenca, in 1816 

In the war of 1914-18, England had a similar expenence with shortage of food 
and wheat agam became somethmg precious as an article of diet The situation 
was thus expressed by Hopkms (21), "The present shortage m the food supply 
of the world makes important every detail of knowledge concemmg human 
nutrition — Particularly desirable now is every scrap of knowledge concemmg 
cereals Except m Arctic climates, bread and cereals are always important items 
m the food of mankmd, and except where wealth has accumulated and luxury 
comes m its tram, they are by far the most important Another question 
arises m coimexion with gram foods which are of practical importance at the 
present time, what is the effect of mcreasmg the percentage extraction of gram 
on the nutntve value of flour and bread ” 

In the Umted States the food situation was so alarming that physiologists 
drew upon extensive mvestigations on undemutntion to show that the population 
could well reduce their weight so that the basal heat requirements would be 
reduced In this way less food would be required and important food economies 
could be made Lusk wrote (22) “one may reduce the basal requirement of 
energy by undemutntion, and that this process may largely economize food” — 
“It may become necessary for Americans to ‘tram down hard’ as people m the 
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warring nations of Europe are forced to do ” In a rarailar \-ein Roth (23) wrote 
'The reduction of diet can safely include oU principles, proteins as well as carbo- 
hydrates and fats” — ‘'Manj ivould be benefited by dropping occasionally or 
regularly one meal a da> ” In fact, loss of weight under some conditions was 
even considered beneficial “According to the statistics of life insurance com 
panics a loss of 10 pounds from the average weight of a man of 65 ynars of age 
would result m on mcrease of his value as a hfe insurance nsk ’ (24) 

War bread— world war, 1914-1918 The Danish experience The Alhed 
blockade in 1917 cut off imports into Denmark upon which she depended to feed 
her large hvestock jxipulation Hinhede (26) and MoUgaard were given the 
task of rationing the food for the country durmg the blockade The pigs, com- 
petmg with the human for the same foods, were killed off The production of 
brandy and whiskey was stopped to conserve grams R} e, which formed the 
basis of the bread, was milled to 100 per cent and nruxed up to 60 per cent with 
wheat bran which was taken from the cows Barley, milled to 06 per cent, was 
also added to bread “Some doctors were angry and wrote that Hinhede put 
the people on pig food and hen food” (26) In spite of the high fibre content of 
the bread, the digeatibUity was reduced only from 94 to 86 per cent (28) and they 
had availablo more th^ri twice the amount of bread than they would have had 
had they milled their gram to 70 per cent. People did not complain nor were 
there any digestive troubles (20) as a result of the large amoimt of fibre in the 
bread The reason for the success of this program was the abihty of the Danish 
people to make the whole rye-wheat bran mixture mto a bread of good quahty 
and palatability Hinhede (26) pomted out that the Danes had a hundred years 
of experience m making bread of good quahty from such materials. The princi- 
pal foods of the Danes during this penod were this bran bread, barley pomdge, 
potatoes, greens, milk and some butter The state of health of the people im 
proved Thus this large scale war experiment prov ed that wheat bran is a good 
food. 

The English expenence As a result of submanne warfare, England faced a 
critical food shortage, and to extend their food supply the English had to mill 
their wheat to a greater percentage, first to 80 per cent and then to DO per cent 
The English v\ ere not so fortunate as the Danes smee the> did not appear to hav e 
sufficient experience to bake bread of good quality and palatability with high 
extraction flours With characteristic thoroughness the English mvestigated 
a, the quohtj of the war bread 6 complomts made against the dark bread, and 
c, the nutritional \ slue of the bread its palatabilitj and its effect on health 

a, quality of the vxir bread The year 1917 when war bread was introduced 

nos a hot year with the result that the war bread was frequently mfeoted with a 
microorganism resultmg m a condition known as rope ’ (27) This “ropv ” 
condition was probably fav ored by the higher nutntiv e VTilue of the bread, since 
microOrgnnisTDP just as human beings, thnvre better on foods of higher nutritional 
V aluc War bread contomed more moisture than bread of 70 per cent extraction 
and the added moisture probably also favored the infection of the bread with 
'rope ” This condition was investigated and much information was gamed on 
preventing it 
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Because of mexpenence m bakmg bread with flour of 90 per cent extraction, 
the war bread often lacked porosity and tended to be soggy and doughy and 
therefore less digestible Toasting was recommended to make the bread more 
digestible (28, 29) With expenence the quahty of the bread improved, but the 
English did not seem to be able to equal the quahty of the Dani^ bread 
b The complaints The complamts against war bread were mvestigated and 
Lord Rhondda, the Food Controller, discussed them m the House of Lords (30) 
Some of the complamts mvolved digestive disturbances m which any form of 
bread might be harmful “Roughly one half of the complamts refer to diseases 
the course of which cannot possibly be influenced by the kmd of bread con- 
sumed ” “The complamts as a whole largely reflect the fact that the nation is 
now neanng the end of the third year of unprecedented stram ” Discomfort 
of the hot w eather experienced m June was laid to the war bread (30) A feelmg 
of flatulence or fullness was a common complamt (31) and this was ascnbed to 
the soggy doughj’- bread, the result of mexpenence m bakmg Looseness of the 
bowel was another complamt (31) and this was considered an advantage m a 
nation m which constipation was all too common Sufferers from digestive 
complamts tolerated the war bread well (33) 

The dark color did not seem to be a frequent cause of complamt When 
properly baked the war bread was judged quite palatable and often preferred 
to the white breads (32) 

In certam cases the government granted permits for the use of white flour, but 
only after careful mvestigation “In chrome functional disorders of the stomach 
(which make up the majonty of cases of chrome dyspepsia) the pure wheaten 
flour can rarely be allow ed, for the reason that such cases are so numerous and 
so protracted in their course that it would be impossible to meet the demands 
ivithout senously depleting the wheat supply of the rest of the population” (34) 
c The nutritional value of war bread, its palatability and effect on health The 
Food (W ar) Committee of the Royal Society investigated the Enghsh war bread 
to answ^er the following questions (32) 

1 "What gam, if any, m food value to the nation wall accrue from a rise m the 
millmg standard from 80 to 90 per cent? 

2 What would be the effect on the health of the population of the consumption 
of bread made from wheat flour of 90 per cent extraction^ 

3 How far would bread made from such flour prove acceptable to the popu- 
lation? 

Digestibility studies were thoroughly and carefully earned out by competent 
and highly skilled scientists Three groups of 4 men m each group were the 
experimental subjects One group was studied under the supervision of F G 
Hopkins at the Unnersity of Cambndge, another, under Noel Paton at the 
University of Glasgow, and the third under the supervision of T A Gardner at 
the University of London (32) Two breads w ere compared, one from flour of 
80 per cent extraction and the other from flour of 90 per cent The bread, with 
one exception, furnished from 45 to 60 per cent of the calories eaten which was 
more than the customary bread intake 
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A ehght tendency to flatulence was observed nt the beginning by some of the 
subjects, this later decreased and disappeared Looseness of the bowels was 
noted on the 90 per cent bread The feces always increased m bulk on the 90 
per cent bread compared to the 80 per cent Some of the results obtamed are 
given m table 2 

Hie losses of energy and mtrogen of the high extraction bread were very small 
The gam was roughly 10 per cent m energy and 20 per cent in protem, even when 
allowance was made for feeding the 10 per cent offal to pigs 

These mvesbgators pointed out that it was difficult to determine the relative 
contribution of the food and of the gut to the feces smce “the greater part of 
what leaves the mtestme is not the undigested residuum of the food eaten, but 
matenal produced In the gut itself ” This conception is of the greatest impor 
tance, smce the nutritive quahty of whole wheat and wheat bran was completely 
misunderstood as a result of digestibiUty experiments The larger amount of 
feces formed m animals fed bran or lyhole wheat was looked upon as unabsorbed 
food, leadmg to the common notion that wheat bran has htUe or no nutritive 
value for Tnim This study directed attention to the possibility that the bulk 
of the feces did not represent undigested wheat bran but consisted largely of 
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unabsorbed residues of matenal produced m the gut This idea has been fully 
proven experimentally (86) 

The palatabihty of the war bread was studied with factory workers, 39 men 
and 8 women Of these, 20 men and 7 women, all volunteers, ate the expen 
mental bread to the extent of 60 to 60 per cent of their calones for eight weeks 
The bread was also made available to other employees Educated sections of 
the employees such as managers and foremen were the majonty of those who 
completed the test. The subjects who completed the test agreed the bread was 
palatable, easily digested and they did not tire of it When the bread was badly 
baked the people grumbled. After the experiment was over 61 of the employees 
signed a petition asking to have the bread made contmually available 

There was marked absence of flatulence and complete absence of diarrhea in 
the case of all who used the bread The feces in all cases were soft and passed 
without discomfort One of the subjects was cured of an acute diarrhea with 
jmm, another of chrome constipation and a third of sei'cre constijiation 

The bread was tned out among patients suffering from pulmonary tuberculosis, 
jiatients “notoriously capricious in their apjxititcs and casUy upset on improper 
food ” The group consisted of 12 men and 13 women who ate the broad for 3 
weeks The women consumed an ai erage of 10 5 or of the bread daily and the 
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men 11 8 oz The bread vas preferred by the majority of patients, all of whom 
had more or less impaired digestions No evidence of digestive disturbance was 
noted m any smgle case All the women expressed preference for the bread after 
usmg it 3 weeks Of the men, 8 preferred the special bread, 2 had no preference 
and 3 either disliked it or preferred ordmary bread Of the patients that disliked 
it, all had capncious appetites and appeared to tire of it Two were febrile 
cases 

The war bread in England w'as not an unqualified success, largely because of 
mexpenence m makmg a good quahty palatable loaf, but the nutntive supen- 
onty of the bread made from flour of 90 per cent extraction was so impressive 
that there was some question about continmng such a loaf Popular demand 
for the white loaf was, how ever, great, largely as a result of the unpalatable nature 
of so much of the war bread the people were forced to eat The food ministry 
allowed the return of the w'hite loaf on the grounds that the “offal,” or mill 
feeds, was necessary' for the livestock (36) Lancet summarized the situation 
“Better bread could have been made with better knowledge, but we deprecate 
the use of the phrase ‘better bread’ to descnbe the return to white flour Those 
with a taste for such bread may consider it ‘mcer,’ but it is elevatmg personal 
predilection on a pedestal to make it the standard of goodness We still read m 
old books of one man w earmg a ‘better’ coat than another, the w'ords havmg no 
relationship to the warmth or the weanng quahty of the coat and m this sense 
perhaps ‘better bread’ may stand Of course the economtc necessity of the 
transitional penod between war and peace may dictate the surrender of 18,000 
tons of ‘offal’ weekly to farmers, pig-keepers and others m order to feed animal 
stock ” 

The expenence of the United States with war bread was of too short duration 
to obtam a popular reaction to war bread Taylor (37) opposed bread from 
whole wheat flour on the grounds that “the function of the food administration is 
to secure and conserve food, not treat pre-existmg diseases m a compulsory 
manner, apphed to the majority who are not afflcted, as w^ell as the rmnority 
who may be distressed, but still possess the right to select their treatment ” 
The current mtroduction of “ennched bread” (5) mvolves the rejection of this 
notion and the acceptance on the part of the government of responsibility for 
the nutntive quality of the food of the people and the use of the Federal authority, 
at least m war time, to improve the nutntive level of the population whether 
they hke it or not 

The French had a disagreeable expenence ivith war bread, largely because of 
the poor quality of the flour used and mexpenence m bakmg a good quahty loaf 
Apparently the millers did not always co-operate smce they sometimes left in 
the flour “much dust, mildewed and foreign grams, ergot and dodder seeds” (38) 

The population m Switzerland accepted their war bread of 87 per cent extrac- 
tion without too much complaint Spnggs (31) quoted Professor Feer “In 
Switzerland only neurasthemcs and hypochondnacs complam ” This was 
probably exaggerated In war there is apt to be impatience with grumbhng even 
for good causes Of interest, however, was the expenence that hand-fed children 
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from the third month of nge nho hnd white flour in their fonnuto Buffer^ no 
digestive disturbance when whole wheat flour replaced the white flour (31) 

In Germany the war bread was sour and soggy (26) but the trouble there was 
that there was not enough of it Rubner conducted extensive digestibihfy « 
penments with vanous breads and insisted on the basis of fecal losses that highly 
milled flours were most eSicient His work hss been reviewed by Lusk (30) 
The work involved digestibflity studies with special emphasis on the losses of 
nutrients m feces The German outlook was analytical and they lacked sound 
nutritional concepts, jmt Lusk (39), who either did not read the English work (32) 
or did not appreciate it, wrote “The American faddist who would have m 
corporated mto the permanent law of the land the compulsory production of 
whole wheat bread and its infliction upon the population meets here his nemesis 
The British people during the war felt that whatever else happened, they would 
return to white bread as soon as they possibly could Here instmct, supported 
by Science, tnumpbs once agam over ignorance and bigotry ” Science has not 
supported this contention of Lusk but has completely disproved it The com 
position of feces was an insufficient basis for judgmg the nutritive value of bread 
or any other food. 

Out of the war came the flist thorough-going study by Osborne and Mendel 
(3) of the nutritive value of the wheat kernel, with the rat ns the experimental 
animal. They established the following 

1 The proteins of white flour are inferior to those of the wheat germ or 
wheat bran 

2 The vitamms are associated with the proteins of high quality m the wheat 
germ and wheat bran 


3 Meat, milk or eggs when tunushnig one-third of the protems consumed will 
adequately supplement the white flour protoms 
As our knowledgo of nutrition advanced, especially with a better appreciation 
for the idle plajad by proteliiB of high quahty, mmerals and vntamins, our under 
standing of the effect of m i llin g on the nutritive properties of wheat mcreased 
For thousands of years wheat and nee have figured prommently m the diets 
of the bulk of the human population The whole gram cereals provided ade- 
quate amounts of the vitamm B complex, proteins of good quahty, mmerals nofl 
other essential factors such os vitamm E, carotene, the essential unsaturated 
fatty acids, and perhaps many as yet unidentified factors The whole gram 
cereals needed supplementation with either meat fmdudmg some bone), mflk 
or ^aud some frmts or i-egetables. Apparently this could readily be accom 
plished With the advent of modem milhng processes, the germ and outer coat- 
ings of the wheat berry are removed from the flour With these “offals” or 
by pallets are lost the bulk of the vitamm B CQmplex,m 08 t of the important mm 
erals includmg iron and calcium, most of the fat mcludmg vitamm E and a larger 
^of the proteffi of high biological value, leaving m the white flour mostly 
^hjdrates and proteins of lowered quality (3) The wheat was milled m 

d became of the greater stability 

0 white flour toward rancidity changes after the removTiI of the fat Moreover, 
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insect pests sucli as the flour rveevil did not thrive so well in white flour as m 
whole wheat flour because of the removal of nutrients required by the flour 
weevil (40) Instead of bemg alarmed at the decreased nutritive value of white 
flour as shown hy the mabihty of insect pests to thrive on it, the production of 
white flour was hailed as a great forward step Nutrition at the time had not 
progressed to the pomt where the true nature of the phenomena observed was 
fully appreciated Dunng the mtervaimg years, the high nutritive qualities 
of whole wheat bread became mcreasmgly apparent as the evergrowmg numhet 
of factors resident m the whole wheat became known The nutntional poverty 
of white bread as compared with whole wheat bread was so great as to demand 
attention under the impact of war when it was reahzed that the nutrition of the 
army and civihan population would play a major r61e m the struggle for survival 
The bread question became promment both m England and America and re- 
ceived a lot of attention 

WoRin WAn n, 1939- The E-ngltsh experience with fortificahon of white 
bread The discussion on fortification of white bread m England was opened 
by Mr Boothby (41), parliamentary secretary to the Ministry of Food, when he 
announced m parhament that white flour was to be fortified with thiamme 
The reason he gave for fortifymg the white flour was to meet the objection against 
white flour by nutntion experts, who stressed the supenor nutntive value of 
whole wheat flour as compared with white flour The government had not 
suspended the manufacture of white flour because the great majority of con- 
sumers preferred white bread and because the keepmg quahties of white flour 
were defimtely greater than those of whole meal flour “To overcome the ob- 
jection that white flour was lacking m vitamm content, it had been decided to 
fortify it with vitamm Bi" (41) Whole wheat bread was to be available at the 
same pnce as white bread 

This program was endorsed by Moran and Drummond (42) who pomted out 
as an additional objection to whole wheat bread that it would reduce the avail- 
able wheat by-products for the stock mdustry and "m particular, jeopardize our 
milk supphes ” In their paper they stated, “The mtroduction of the new white 
flour will undoubtedly stultify the controversy of white versus brown bread, smce 
it IS mainly m respect of vitamm Bi that the white loaf has been open to attack 
There is not the same evidence that w© are deficient m vitamm E or members 
of the vitamm Bj complex which are present m whole meal flour ” In this 
he proved to be wrong because the controversy became more mtense than ever 

A leadmg article m Lancet (43) reviewed the whole question and gave the fol- 
lowing arguments m favor of fortifymg white flour with thiamm 

1 People do not like brown bread but pip and chickens like and need the 
“millmg offals” when white flour is made 

2 Brown bread needs much more yeast to bake than white bread 

3 Brown bread has usually been more expensive than white 

4 Under war conditions mvdvmg storage problems, white flour is preferable 

to whole wheat flour because it keeps better ^ 
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6 By ordering that whole wheat bread shall be available at the same pnce 
as white, the government removed the grievance of those who complam that they 
do not eat brown bread because it is too expensive 

6 By the addition of thiamin to white flour, the most senoua vitamm defi- 
ciency of white flour is made good 

7 The average daily bread mtaLe in England was 0 6 pound per capita The 
consumption was however unevenly distributed, better-off people averagmg 
about 4 ounces a day and workmg people as high as 1 6 pounds It is these 
worlang people with low mtake of the expensive “protective foods” such as 
milk, cheese, eggs, fruits and vegetables whose diet will be “hipest in carbo- 
hydrate, and who will most benefit by fortification with added vitamm” (42) 

Thus was ushered m a revolutionary change m human life — the acceptance 
by government of responsibihty for the nutritional welfare of the population 
It was unfortunate that with respect to the bread, the food staple of the common 
people, the program started with the uncertam assumption that by adding 
thiamme to white bread, its nutritive value when combmed with the repiamder 
of the diet available to the common people, has been restored to that of whole 
wheat flour This necessitated the assumption, based on no evidence, that the 
English diet which included white bread ns the staple food was deficient only in 
thiamine 

The program of fortifjTng white bread with thiamine did not go unchallenged 
Sir Graham little (44) pointed out that it was proved bj statistics that the 
health of the nation during the last part of the great war and m the period that 
followed was better than it had been before and it was attnbuted m large part 
to the whole wheat bread the English were obliged to eat ns a result of the war 

The Medical Research Council m a special memorandum (46) immediately 
called attention to the importance of the vit amin Bj complex m whole wheat 
bread, and that it could not be ignored even though the knowledge on this sub- 
ject IS less exact than for vitamm Bi The memorandum also called attention 
to the loss from white flour of important fat soluble vitamins, mmerals, and 
protein of high qualitj Thej recommended under milhng, which would result 
m the extraction of 86 per cent of flour from wheat, m place of the usual 72 per 
ceilt, therebv savmg the bulk of the nutntive value of the wheat bony without 
mcludmg any appreciable amount of the rough bran 

Thus the controversy of white bread versus brown bread was started and it 
was discussed in the Times, m the trade journals and medical journals The dis 
cuBSion became mtense, bitteirand acnraonious The nutntional aspects of the 
discussion were well mirrored m Lancet, and will be discussed m detail because 
of the great importance it was bound to have on nutntional thought. 

In a second Icadmg article m Lancet under the heading “Second thoughts on 
bread” (40), the discussion was still largely on the basis that the thiamine content 
of the wheat berry is the factor to be concerned with m the choice between white 
flour and whole wheat flour 

Graham Little (47) attacked the thiamme fortification program and considered 
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the muuster’s objections to whole wheat bread in the light of the nation’s expen- 
ence in the last war He discussed 

1 Alleged tndtgesltbthiy of whole wheat bread Graham-Little referred to the 
report of the Committee of the Royal Society “On the digestibihty of bread” 
(32) This report showed that there were no symptoms of mdigestibihty on 
whole wheat bread in healthy subjects or even m mvahds 

2 Alleged unpaleUahthiy Only a small mmonty, 8 per cent, expressed a 
preference for ordmary bread after a tnal was made of both breads The “m- 
vmcible preference” for white bread is a myth 

3 Keeping qualities He questioned whether the difference m keepmg quality 
IS such a great factor as to prohibit the use of whole wheat flour 

He suggested that the resistance to whole wheat bread may come from the 
flour inilhng mdustiy, a giant trust, who were safeguardmg their 100 nulbon 
dollar mvestment in milling eqmpment 

In Parhament (48) it was brought out by a question from Fremantle that all 
medical men consider whole wheat bread “mfimtely better” than fortified bread 
The parhamentary secretary rephed that the really primary reason for the 
fortification of w’hite bread with thiamine was the large number of people who 
did not care to eat brown bread 

Graham-Little (49) attacked pohtical considerations which result m approval 
by default and quotes from the Penqum Book, Science in war on advisory bodies, 
“They seem to have been much more concerned with agreeing with government 
decisions than with challengmg them in the name of science In the long run 
the 'yes-men’ of science are likely to be at least as dangerous as the 'j’^es-men’ 
of pohtics ” 

Fr anklin Bicknell (50) urged the parliamentary mmister, "If the minister knows, 
as he must, that stone-ground flour is best for the nation he should say that Bi 
m bread will help shghtly, but that he cannot provide really valuable stone- 
ground bread because of the millers ” 

In a survey by the Mmistrj'’ of Food’s scientific adviser to detenmne the 
relative popularity of brown and w'hite bread ivith the pubhc (51) the following 
information was brought out In the poorer areas, 41 to 46 per cent of the 
pubhc ate some quantity of brown bread regularly and in the ncher areas the 
figure was 65 per cent Brown bread was actively disliked m about 34 per cent 
of cases m all classes If brown and white bread were the same price about 28 
per cent of the poorer people and 13 per cent of the ncher people would buy more 
brown bread 

Added impetus was given to the controversy when Chick (52) showed by 
feeding experiments ivith rats that w'hite flour ennched with thiamme was de- 
cidedly mfenor to whole wheat flour The rats on whole wheat flour gamed 
about twice as much weight as those on "ennched” w'hite flour, and they utihzed 
their food more eflBciently The rats on the whole wheat flour diet made 1 gram 
of gam with a food intake of 2 47 grains while it required 3 02 grams of the “en- 
nched” white flour diet to make the same gam When the diets were switched, 
the rats transferred from the “ennched” white flour diet to the whole wheat 
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diet made an immediate Bpurt in grmvth wMe those transferred from the -whole 
■wheat flour diet to the "enriched” white flour diet suffered an immediate check 
in gro-wth 

A leadmg article m Lancet (63) immediately took cogmiance of this new 
information It pointed out that considerations of the infenonty of white flour 
can no longer be concerned only with vitamin Bi but with other factors, the na 
ture of which was not very certain Lancet now took the stand that the "sign 
post pomta to whole meal as the high road to better health and greater food 
economy ” 'Tohtical or economic considemtions may nmke it impossible to 
take this road m wartime, but the general conclusion from the nutritional stand 
pomt IS not thereby affected ” 

Graham Little (54) mquired of the food minister in Porharaont whether Doc 
tor Chick’s work had any influence on the policy to fortify white bread with 
thiamme and the answer was m the negative 

As a result of the controversy to date tho Bntish Government modified its 
bread pohey which Lord Woolton (66) announced m Uic House of Lords Ho 
had been impressed by tho unanimity of scientific opmion on tho nutntii o value 
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of wholemeal bread Ho considered it the proper attitude of tho government to 
make wholemeal or national wheatmeal (86 per cent extraction) available in 
adequate supply to the public at the same pneo as white bread, and at the same 
time to draw the attention of the pubho to tho advantages of brown breads 
The goi ernment would at the same time contmuo its efforts to produce a white 
bread fortified with thiamme. 

Willcox (60) pomlcd out that m Mesopotamia in tho last war, a loaf made 
from 76 per cent whole wheat meal and 26 per cent white flour proved to be very 
palatable Wholemeal bread property baked has more flavor than while bread 
and he did not consider the universal use of whole meal bread an insuperable 
problem 

On May 22, 1&41, the Medical Research Council (67) issued a second memo- 
randum on national wheatmeal flour in which they defined more exactly tho 
character of tho 85 per cent wheat meal which they recommended (table 3) 

They recommended flour I with only 0 0 per cent fibre Smcc that would 
require modification of milling machmery, they recommended tho interim adop- 
tion of flour II contammg not less than 1 international unit of thiamin (3 micro- 
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grams) per gram nor more than 0 9 per cent fibre, assummg a water content of 
16 per cent They recommended the addition of calcium to neutralize the 
effect of ph3dac acid which diminishes the availabihty of the calcium present in 
the diet They opposed the addition of iron because of its possible destructive 
catalytic effects “On techmcal and aesthetic grounds, the loaf baked from such 
flour was excellent " In a leadmg article, Lancet (58) pomted out that the 
recommendation was the result of “a most careful scrutmy of the nutntive value 
of different parts of the wheat gram ” They strongly recommended the bread 
but noted "Against the change can only be set popular prejudice, (much of it 
will go when everyone has sampled the national loaf) the better keepmg quahties 
of white flour and an understandable reluctance to scrap the machmery which is 
now producing vitamin Bi cheaply and on a large scale ” 
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16 41 
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0 504 

2,166 

92 2 

4 47 

7 26 

211 1 

Change in total nutrients avail- 
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able with 700,000 tons shipping 
space saved 

-2 93 


-2,146 

-t-29 6 

+1 66 

-0 16 

-M28 6 


The proponents of fortification opposed the national wheatmeal (85 per cent 
extraction) on grounds of non-acceptabihty by the British public and because 
the change over from a 75 per cent extraction of the wheat berry to an 85 per 
cent would so sharply reduce milk supphes as a consequence of the loss of wheat 
feed for the cattle, t^t there would be a net loss in important nutnents such as 
digestible protem, nboflavm and available calcium This thesis was first 
presented m great detail by Wnght (59) and was subsequently cntically re- 
viewed by Bacharach (60) who corrected some mmor errors m Wnght’s paper 
(59), but reached essentially the same conclusion the details of which are given 
m table 4 

The foUoinng conclusions were drawn from the table 
1 There ivas a saving of 700,000 tons of shippmg space when the same amount 
of flour, namel}’’, 4,500,000 tons, is obtamed by miUmg wheat to 85 per cent 
instead of 75 per cent 
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2 The loes of milk as a result of the decreased wheat feed for cattle added 
to the lower (hgestibihty of 86 per cent flour (digestible protem — ^white flour, 91 
per cent, national wheatmeal, 86 per cent, digestible carbohydrates — white 
flour, 94 per cent, national wheatmeal, 89 per cent) would result in the foDowing 
changes 

a Loss of 66,000 tons of digestible protein 
6 Loes of 2,146 tons of available calcium 
c. Gain of 1 65 X 10'* I U of thiamm 
d Gain of 128 6 tons of mcotmio add 
e Gam of 29 6 tons of available iron 
f Loss of 2 93 X 10'* of available oalones 
t hoes of 0 16 ton of nboBavm 

Kont-Joncs (63) weighed the gams against the losses, and urged that the losses 
of digestible protem, calciunr and riboflavm far overbalanced the gains of thi 
amm, iron and nicotimo acid The gam m nicotinic acid he argued is of no 
importance since the average diet already has more than adequate amounts 
The gam m thiamm is also of no importance smeo white flour was to be fortified 
mth thiamin He concluded “the case for national wheatmeal is finally and 
dofimtely exploded on sound scientific grounds ” 

Fraenkel (04) onticiied Bacharach’s table (60) on the ground that he jumbled 
shipping space mth nutntional lalues If shipping space wore the prune oon- 
sideration, it would be useless to talk about nutritional values If nutntional 
values were concerned, the whole question must be put on a nutntional basis 
If 6,000,000 tons of wheat were milled to 76 per cent, 4,600,000 tons of white 
flour would be obtamed plus 1,600,000 wheat feed ("offal”) By millmg to 86 
per cent, 6,100,000 tons of wheatmeal flour would be obtamed and only 900,000 
tons of wheat feed Traenkel pomted out that for proper consideration, only 
4,600 000 tons of 86 per cent wheatmeal flour should be nulled from 6,000,000 
tons of wheat leaving 1,500,000 tons of wheat feed “offals” and unmiUed wheat 
combined to bo fed to cattle In this way, the same amount of milk would be 
obtamed regardless of the flour produced and no shippmg space would bo m 
volved The difference m nutnents available botivcen nulling 76 per cent white 
flour or 85 per cent wheatmeal would be the result of the difference m digesti 
bihty of 76 per cent flour and 85 per cent wheatmeal Using Bacharach’s data, 
Fraenkel recalculated the changes m nutnents from the change over to 85 per 
cent wheatmeal In each case, 4,500 000 tons of flour ivould bo obtamed and 
the same amount of milk, namely, 3,430,000 tone 
On this basis, as a result of the ohango over from 76 per cent to 85 per cent 
flour, there would be htOe change in digestible protem, the loss of available 
calcium would bo cut down, and there would bo no loss but a gam m nboflavm 
The gams in the other nutnents would be enhanced (table 6) 

The argument aga i nst 86 per cent wheatmeal because of decreasing the milk 
supply apparently did not carry very much weight It was mdely discussed 
pro and con E. Lester Smith (65) pointed out, “Dr Wnght cannot have his 
bread and let the cow cat it ” He favored 86 per cent wheatmeal to improve the 
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health of the population, and even favored if necessary the feeding of the white 
flour to cows to maintain the milk supply Lancet (66) pomted out that “the 
cow was not a 'penny-m-the-slot' machme mto which you insert a production 
ration of any given size and automatically get back the exact eqmvalent of your 
feedmg stuff as milk ” 

Chick’s paper on the supenor nutntional value of national wheatmeal 
over “enriched” white flour led the proponents of fortification of white flour to 
search for experimental evidence to support their case This was soon forth- 
commg m a paper by Wnght (67) who cnticized Chick’s work (52) because the 
food mtakes of the rats receivmg “ennched” white flour and national wheatmeal 
were not equahzed, the wheatmeal bemg consumed m greater quantity, thus 
accountmg for their supenor growth and well being Doctor Wnght argued that 
85 per cent wheatmeal was more palatable to rats than white flour, and since 
no way was known to equahze the palatabihty of the two flours, the rats recemng 
the national wheatmeal were fed only so much food as the rats on “ennched” 
white flour consumed Under these conditions there was httle difference m 


TABLE 6 
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growth of the rats The expenment was repeated with the two breads fed along 
with other foods so that the total would represent the ordmary mixed human 
diet The diet consisted of bread 35 5 per cent, boiled potato 30 0 per cent, 
cooked meat 6 0 per cent, fresh milk 3 0 per cent, cooked fish 3 0 per cent, mar- 
ganne 3 0 per cent, cheese 0 7 per cent, cooked vegetables 14 0 per cent, jam 1^ 
per cent, eggs 1 2 per cent and sugar 2 4 per cent On the mixed diet contammg 
the national wheatmeal the rats were somewhat supenor, even though limited to 
the same food mtake voluntanly consumed by the rats on the “ennched” white 
flour diet However, her -n ork was not confirmed by similar and more extensive 
studies (107) which instead supported Chick’s work 

Though the government (55) announced that national wheatmeal would be 
available m abundance, a lutch developed somewhere and it was not done The 
question was raised m Parliament (68) and Lancet (69) demanded an mvestiga- 
tion to locate the obstruction, whether it was with the millers, master bakers or 
the public 

Dunng this penod a very revealmg Amencan article on bread appeared 
Pewters, Mason and Higgins (70) compared whole wheat flour with “ennched” 
white flour when added to a basal diet which was representative of that of thou- 
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sands of Amencana It included m addition to bread which ^os the only van- 
able, butter, ekim milk po\Nder, cornflakes beef, potato, cheese, polished ncc, 
gelatin, apple jelly, stnng beans, carrots, peaches, pears, sugar, candy and cake 
or cookies Thus, an> results obtamed would, m so far as the diet was con 
cemed, be applicable to human beings Four types of flour were compared 
Vihite flour, ^hite flour fortified with thiondne, white flour fortified with thiamine 
and nboflavm and wholewheat flour The rate grow a little better with thiamine 
onnehed flour than with white flour, a little better etdl witli flour enriched ^vlth 
thiammc and nboflavm, but decidedly better on whole wheat flour Not only 
did the rate on the whole wheat flour grow more but their appearance was im 
proved They concluded that flour must be enriched with factors other than 
thiamine Eind nboflavm to obtain a flour of nutntivo quahty comparable to that 
of whole wheat flour After some uncertamty in the interpretation of these 
data (102) the woikers m this laboratory provided additional evidence (110) 
which showed conclusively that whole wheat bread is nutntionally superior to 
“enriched” white bread 


TABLE 6 
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FOOD 

vownr 

'mam IWt 

Bread 

35 2 

4S 6 

Flour In puddingfl 

3 0 1 

5 1 

Oatmeal 

0 5 

1 6 

Propnelary cereals i 

0 8 1 

1 i 

Potatoes, cooked 

21 1 1 

33 0 

Green vegetables, cooked 

9 2 1 

18 0 

Hoot vegetables, cooked 

4 7 1 

7 4 

Legumes cooked 

2 8 

2 4 


The importance of bread In the English dietarv under wartime conditions was 
emphasised by a comparative study of middle-class diets in peace and ivar (71) 
as shown m table 6 

Smee so large a part of their food consisted of bread, the protective factors m 
the whole wheat bread were of great importance 

The acceptance of the national wheatmeal bread was unsatisfactory and 
Lancet in a leading article (72) inquired into the causes It pomted out that 
“never before hod the knowledge been suflicient to select with confidence a loaf 
which would look and taste almost like white bread and j'ct contain such a largo 
share of the best nourishment of the whole wheat gram ” The Medical Research 
Council bad recommended the preparation of a bread by undermillmg to 85 per 
cent which would gi\c a uniform product of satisfactory appearance and taste 
The infitructions of the Mmistry of Food to the nuUers was so worded, hoivcver, 
as to allow the mixture of 16 per cent bran with white flour and still meet the 
specifications of (he Food Mmistrj The result was lack of imifomuty in the 
national wheatmeal flour which was responsible in part for its lack of 
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acceptance Lancet (72) observed “In this conflict between the national and 
indmdual interests, the millers have thus Avon the day, and a golden opportunity 
of furthenng the health of the people A\'as lost ” 

The character of the national wheatmeal loaf became the subject of a heated 
controA'^ersy In Parliament Profumo (73) asked the parhamentary secretary 
to the Mmistrj' of Food on v'hat groimds some of the recommendations of the 
Medical Research Council on the national AV'heatmeal loaf vere turned doAiTi 
The parliamentary secretary answered that none of the recommendations Avere 
rejected, whereupon Profumo told the secretary he did not know what he was 
talking about 

Graham-Little (74) suggested one of the reasons for bunghng the program for 
an mcrease m consumption of long extraction flour is the influence exercised by 
the milling mdustrj’’, AAuth its formidable occupation of key positions pi the 
Ministry of Food He urged the medical profession to lead the revolt against 
the Food Mmistry 

Graham-Little (75) pointed out that the recommendations of the Medical 
Research Council limitmg the Avholemeal flour to 0 9 per cent crude fibre with 
1 0 mtemational unit of thiaimne per gram was largety ignored As a result, a 
variable and poor quality loaf Avas produced and m spite of the expenditure of 
£29,000 m advertismg, the consumption of national w^heatmeal Avas about 7 0 
per cent He (75) sponsored a motion m the House of Parhament to appomt a 
committee to find out what are the considerations which obstruct the exclusive 
proAusion of a national wheatmeal loaf of the highest possible extraction “The 
pomt of the demand is that it is feared that the reasons operatmg agamst the 
production of this type of loaf are not based upon the science of nutntion but 
upon the mterests of commercial firms ’’ 

The w'hole controversy ended on March 11, 1942, when Lord Woolton (76) 
announced m the House of Lords, “His Majesty’s Government have therefore 
decided to increase to 85 per cent the ratio of flour from nulled wheat m this 
countrj’’ This means AVe shall stop the production of white bread “ It Avas 
hoped the same bread would soon be supplied to the array The decision was 
Avelcomed Lord Hankey “hoped the millers and bakers Avould play their part m 
producmg a palatable bread all over the country ” "So the matter ended for 
the time Avith Auctoiy for science because it had an economic ally m shipping ’’ 

It should be emphasized (77) that the change to 85 per cent national wheat- 
meal flour was not the result of shippmg considerations only, but saAung of ship- 
pmg space tilted the balance m favor of national wheatmeal 

Leadmg articles m Lancet (78) and the Bntish Medical Journal (79) greeted 
the decision mth much satisfaction The Bntish Medical Journal summanzed 
the controversy, “Thus comes to an end a controversy that has lasted for 2i 
years, and on A\hich many himdreds of thousands of words have been spent m 
speech and pnnt As the pubhc accepted the standard loaf m the last war 
wnthout much ado, it has been difficult for anyone outside the Mmistry of Food 
to imderstand Avhy the hberty of the subject m respect of white bread has been 
looked on as such a precious thmg Dunng the past three months as the columns 
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of thq Tima have shoDH, cnticism of that Ministry’B pohcy has become progres 
srvelj acute, and Sm Ernest Graham Little has attacked it m the House of 
Commons, this time to good effect — ^Thero has been a suspicion m more than one 
quarter that the interests of the miUeia have been allowed to stand m the way 
of the nation’s health, and until this moment the Mmistry of Food has shown 
signs of fallmg short of whole-hearted ndvocac3 of its whcatmeal loaf — It is a 
punishable offense to water milk and dilute the sohds in it Wh} , then should 
it be 4hought praisew orthj to rcmoie from the wheat bony the valuable nun 
ends and ntamins it contains ’ 

One of the results of the controversy was a remvestigation of the digestibility 
of wholewheat bread and the biological value of the protems of venous parts of 
the wheat berry Drummond (80), actmg as scientidc adviser to the Mmistry 
of Food, suggested that the branny layers of the wheat berry, oven when finely 
ground, nught bo mjunous to some gastrointestinal tracts A wheat flour was 
chosen which had rcmo\ed from it the more mdigestible fractions, but retamed 
the bulk of its mmerals and vitamins It was largely on digestibility trials that 
it was decided to go for an 86 per cent flour This was immediately challenged 
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by Scott (81) who insisted that “there is not a scrap of published evidence that 
an 85 per cent extraction flour is more digestible than whole wheat meal ” He 
referred to Drummond's claim as outrageous 

Krebs and Mellanby (82) remveatigated the utihiation of calones and protein 
of white flour and national wheatmeal and found the differences less than those 
quoted by Wnght (69) who argued that the losses from decreased digestibility 
would balance the additional flour gained from an 86 per cent extraction, and that 
nothmg would bo gamed by the change to 86 per cent wheatmeal from white 
flour (table 7) 

On the basis of the figures of Krebs and Mdlanby (82), there is little difference 
m digestibilitv (utUiiation) of white flour and 85 per cent extraction flour 

A most rey ealmg communication on this subject was published by Chick (83) 
who investigated by the growth method with rots the biological ynlue of the 
proteins of whole wheat flour, 85 per cent extraction flour and white flour The 
proteins of 86 per cent extraction flour showed an advantage ra growth of 13 to 
10 per cent over the proteins of white flour, while whole wheat flour showed an 
advantage of 17 to 20 per cent The utiliiation (digestibility ) of whole wheat 
flour and national wheatmeal was leas by 0 per cent and 3 per cent respectively 
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Th\is, the superior biological values of the proteins of the outer layers c\f the 
wheat berry more than offset the greater digestibility of the proteins of white 
flour 

The mvestigations of Borgstrom (35) have done much to enable us to under- 
stand Chick’s results (83) and have clearly shown how erroneous they were who 
held that wheat bran had httle value or was worthless to the human because of 
its alleged mdigestibihty He (35) showed that in vitro as much as 90 per cent 
of the mtrogen of wheat bran could be brought m solution by the action of pep- 
sm and trypsm The mtrogen could be removed from the mtact cells by these 
enz 5 Tnes mthout the necessity of rupturmg them The larger part of the mtro- 
gen m the feces of bran fed animals ongmated not m undigested wheat bran 
proteins, but m the digestive secretions which were stimulated above normal by 
the bran and m the bacteria This mtrogen exists m a state largely unavailable 
to the organism Wheat bran mcreased the fecal output as well as the peristalsis 
m the gut 

The advantages of the mcreased quantity of digestive jmces was an mcrease 
m the rate and intensity of digestion, thereby mcreasmg the amount of nutnents 
released from the wheat bran for the nutrition of the organism These nutnents 
apparently compensated for the loss of fecal nitrogen ansmg from the failure of 
these digestive secretions to be reabsorbed mth the result that the ammal re- 
tamed more mtrogen for physiologically productive purposes as shown by Chick 
(83) These results were obtamed with rats and with men as the experimental 
subjects Even after about 60 per cent of the wheat bran was removed by pre- 
vious m vitro digestion the residue was still able to reduce the loss of mtrogen 
in the urme 

The calcium of the nheat bran was found to be readily utihzable (36) but it 
ivas apparently offset by the loss of calcium m the digestive secretions The 
alleged unavailabihty of the calcium of wheat bran can be explamed by the losses 
of calcium m the digestive jmces which fail to be reabsorbed 

In the hght of the eiudence now available, the English have been too conserva- 
tive m milhng their wheat to 86 per cent and discardmg the bulk of the bran 
The value of bran m the human diet has been established by the mass-experiment 
of Hinhede (26) m Denmark, and proven scientifically by the mvestigations of 
Osborne and Mendel (3), Borgstrom (36) and the Food (War) Committee of the 
RojTil Society (32) 

The Canadian experience McHenry (84) m 1940 compared "ennched” 
Mhite bread ivith whole wheat bread and found the latter greatly superior The 
Canadian medical men and nutntiomsts early appreciated the supenonty of 
■whole vheat bread over “ennched" white bread and their leadmg scientists, 
among them McHenry, Tisdall and Best (105) took a defimte stand against 
fortification of white flour They insisted that the way to get the ■vitamm B 
complex m bread was to so mill the wheat that these ■vitamins would be retamed 
The millers and scientists co-operated m extensive milhng e^qienments with some 
mterestmg results They controlled their milhng operations by thiamm analyses, 
on the assumption that if thiamm were retamed, “the attendant members” of 
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the vitamin B complex would also be retained They found great vnnabUitj m 
the thiRinni content of thew wheat 

One of the mtercsUng results of their iniestigntions was the difference m the 
thiamm distnbubon m the wheat kernel Bj breaking the kernel transverselj , 
they obtamed three fractions, the germ with 3300 I U per pound, the germ end 
without the germ with 916 I U per pound and the brush end with 252 I U per 
pound 

By decreasing the moisture content of the wheat milled from 15 6 per cent to 
12 6 per cent, they could get a ahite flour with the retention of a fairly large 
proportion of the vitamins of the wheat berry As a result of a rather extensive 
senes of mvestigations of these nutntionists m co-operation with the millers, a 
white flour of 76 per cent extraction was produced mth 303 I U of thiamm per 
pound as compared mth 254 1 U in the white flour made m the ordinary millmg 
process (16 6 per cent moisture) (106) 

Taking advantage of these mvestigations the Canadian Government issued the 
foUowmg spedfications for two tj-pes of flour and two types of bread 

1 Vitnmm B white flour shall contnbute not less than 400 I U of vitamm Bi 
“with the other members of the vitaram B complex m the quantities associated 
inth this amount of vitamm Bi m the wheat from which the flour was produced ” 

2 Vitamm B flour shall be flour other than white flour that will contnbute 
per pound of flour not less than 660 ItL of vutamm Bi together with the attendant 
members of the vitamm B complex 

3 Vitanim B white bread shall be baked solely from vitamm B white flour 
inth 4 0 per cent non fat milk sohds and which shall contam not less than 220 
I U of vitamm Bj per pound together with the attendant members of the 
vitamm B complex 

4 Vitamm B bread shall bo bread made solely from ntamm B flour with not 
less than 4 0 per cent non fat milk solids and shall contam not less than 300 I TJ 
of vitamm Bj per pound together vnth the attendant members of the vitamm B 
complex 

The Auehucan experience. Compared to the way the English treated then 
bread problem the American performance seems below par Unlike the Eng 
hsh, thev hav o not discussed with any degree of thoroughness the rdativo merits 
of whole wheat bread, white bread and “ennehed’ white bread The whole 
question of fortification of foods mcludmg bread was first discussed at a sjun 
posium held at the meeting of the American Institute of Nutrition at Toronto, 
April 1039 Morgan (86) discussed the difficulties and imcertamties of the 
problem and warned that “ ‘Proceed with caution’ must remain the watchword 
still " Her subsequent investigations (137) justified this cautious attitude since 
she found with rat feedmg tests that whole wheat bread was superior to “on- 
nched” white bread Moreover, because of the large mtake of bread, whole 
wheat bread proved to bo a shghtly better source of the vitamm B complex than 
about 10 per cent yeast 

Roberts (80) discussed the nature of the Amcncan diet and showed the multi- 
plicity of food factors removed in the milling of wheat She cautioned that "if 
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the plan is accepted, the exploitation of the products should be so safeguarded 
as not to give the impression that all the deficiencies of the cereal have been 
overcome ” She considered fortification a “first-aid” measure and said, “We 
must remember that the last v ord has not yet been spoken m respect to nutntion 
and that there may still be many essential dietary factors of which we are as yet 
imaware We cannot, therefore, trust solely to fortification, but must still put 
our major faith m a vaned diet contammg generous amounts of natural foods ” 

The most outspoken against fortification was Sebrell (87) who said, “Finally, 
to me it seems a httle ndiculous to take a natural foodstuff in which the vitamins 
and mmerals have been placed by nature, submit this foodstuff to a refining 
process which removes them, and then add them back to the refined product at 
an mcreased cost Yet this seems to be the thmg that is bemg proposed If 
this IS the object, why not follow the cheaper, more sensible, and nutritionally 
more desirable procedure of simply usmg the unrefined, or at most, shghtly 
refined natural food ” Sebrell (95) later reversed himself and actively sup- 
ported the “ennchment” of white flour Taylor (88) suggested, “We should 
first seek retention of native vitamins ” 

In spite of this conservative and uncertam attitude toward fortification of 
foods, mcluding the refinement of cereals, the Food and Nutntion Board of the 
National Research Council announced on January 29, 1941 its recommendation 
to ennch flour and bread Thiamme and mcotmic acid vere essential additions 
to claim fortification Riboflavm was optional, mainly on account of its un- 
availabihty 

The proponents of fortification of flour with thiamme and mcotmic acid freely 
adnut the supenonty of whole wheat bread, but insist that a start should be made 
with “ennched” white flour while the pubhc would be educated to the advantages 
of whole wheat flour 

The Council on Foods and Nutntion of the Amencan Medical Association (89) 
accepted the “ennched” white flour because “thiamin is the component which 
makes whole wheat most significant m the diet at the present time ” No at- 
tempt was made to justify this sweepmg statement The Council pomted out 
the presence of factors other than thiamme m whole wheat not present m white 
flour, but this objection to white flour was convemently sidestepped by caUmg 
these other factors “plus values” which the Council assumed without any sup- 
portmg evidence, was furnished by the rest of the diet Yet they recogmzed 
that the “rest” of many poorer diets imght not furnish these “plus values ” 
Fmally, they emphasized the high nutntional quahties of whole wheat and recom- 
mended undermilled flours Thus the Council on Food and Nutntion straddled 
the issue of whole wheat flour versus “ennched” white flour and failed to give 
the country the leadership so ably given to Engdand by the Bntish Medical 
Council Moreover, direct experimental evidence proved (7p, 116) that the 
“plus values” were not present m the diet of large sections of our population 
The Amencan Medical Association ignored the controversy over white and 
brown bread m England and the progress resulting from experimental mvestiga- 
taons One year after the National Nutntion Conference m an editonal (113) 
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a whole chapter was devoted to “ennohed” bread without any reference to 
events or progress in the intervening year Two jHars after the National Nu- 
trition Conference, the Council on Foods (114) still emphasised thianune and to 
a lesser extent riboflavin, m discussing “ennohed” bread, no mention being made 
of accumulating hterature on the mferlonty of such ennchment compared to 
whole wheat bread 

In May 1941 the National Nutation Conference for Defense met at Washmg- 
ton to discuss nutntional problems created by the war emergency "Ennched” 
white flour was accepted without discussion The relative ments of "ennched” 
flour versus whole wheat flour as a national nutntional problem mented more 
consideration than it received Murlln (6) gave his consent "to this proposal 
of ennchment rather reluctantly,” and pointedly remarked, “Six such factora 
are now available m chemically pure form, and without the achievements of the 
synthetic chemists working with the nutntionist we could not embark on the 
new program of vitamm ennchment of flour shall I say for better or for worse?” 
He also used the occasion to pomt out 

1 Dogs fed the an synthetic vitamins remamed deficient but the deficiency 
cleared up at once when the dogs were fed yeast, mdicating essential, but ns yet 
unknown factors m the vitamin B complex Digestion was notably improved 
by the addition of yeast 

2 Pantothenic add has been shown to have a favorable effect on digestion 

3 Whole wheat bread would result m a great saving of food, m addition to 
other valuable factors 

4 Studies made m Switierland seemed to show that soldiers hvmg on whole 
wheat bread mamtamed thdr fitness better than soldiers hvmg on wbito bread 

In place of critical discussion and experimental work there appeared a large 
volume of hterature, monotonously similar, with the apparent object of provmg 
to the American people that they will not eat whole wheat bread The unmll 
ingness of people to eat whole wheat bread has been overemphasised Tobey 
(90) mamtained that the average consumer is not keen about whole wheat bread 
as a steady diet, oven if it is to his advantage to consume it “It has always 
been so and probably always will bo, espeaally smce our white breads are now 
virtually equivalent in nutativo properties to 100 per cent whole wheat The 
bakers and millers, by ‘enrlchmg’ bread and flour, have succeeded m accomplish- 
ing what Mr Graham tned so vociferously, but faded so dismally to do, ' It 
IS not true that “White breads ate now nrtually equivalent m nutritive properties 
to 100 per cent whole wheat" as shown by every nutritional experiment com- 
panng them (62, 70, 83, 84 107, 116) 

Taylor (91) in summarinng the various methods to correct the deficiencies of 
white flour referred to the return to whole wheat m the followmg maimer, 
“Eevival of old fashioned graham flour, despite its instability, dark color, bitter 
taste, high roughage and inadaptabihty to many commercial and household 
uses ” This cbaracteniation of whole wheat flour is unfair Whole wheat 
flour docs not have a bitter taste imless it is rancid Its instabdlty is a com 
mercial problem which has proved no obstacle In the past and certamlj should 
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be less of one now As for the dark color of whole wheat bread, that will pro- 
gressively become less of a hmdrance towards its acceptance as people leam to 
appreciate that some vitamins are pigments and the dark color may become one 
of the commercial advantages of whole wheat bread Otherwise, Taylor (91) 
has given us an excellent discussion of the background of the nutritional problem 
mvolved m fortification under the title “Why enrichment of flour ” 

The arqxtment of palatability The unpalatability of whole wheat bread 
and the refusal of people to eat it, even if it is to their advantage, forms the 
foundation of the argument for fortifymg white flour There is a fatalistic 
conviction oh the part of the proponents of fortification that the general con- 
sumption of whole wheat bread is a thmg of the past and as beyond recall as 
spht milk (92, 93, 94, 95, 19) 

Much has been made of the meager results attending the efforts of nutntion- 
ists to get people to eat whole wheat bread (93, 94, 95) It should be kept in 
mmd that nutntionists have not until recently recommended whole wheat bread 
except m an academic way because they were imder the influence of the doctnne 
of “protective foods” and whole wheat was not considered a “protective food ” 
The term “protective food” was corned by McCkillum and ongmally mcluded 
only milk and green vegetables (96) The term was later extended to include 
frmts and eggs and m 1936 it was proposed to include meat also (96) Whole 
gram cereals were only then “nommated” for inclusion in the term “protective 
foods ” The nutritionists taught “that m obtammg an adequate diet one must 
be sure to get the necessary vitamins and minerals first from other sources” 
(95), namely, the “protective foods,” and then complete the diet with any food 
to smt the appetite such as white flour and potatoes Sebrell (95) pomted out 
that this resulted m a decreased consumption of flour, since the appetite was 
satisfied to such a large extent by “protective foods ” It now appears that 
whole wheat bread because of its cheapness and abundance is one of our most im- 
portant “protective foods,” but the knowledge that whole wheat is a “protective 
food” IS so recent as to have had no great effect upon its advocacy by nutntionists 

Much 18 made of an attempt on the part of the Swiss Government to mduce 
people to eat whole wheat and undermilled flours (97) In order to prevent a 
rise m the cost of hvmg, the Federal Council of Switzerland put on the market 
a brown bread consistmg of four-fifths wheat flour and one-fifth rye flour, the 
degree of extraction bemg fixed at 82 to 85 per cent This bread sold at a some- 
what cheaper rate than ordmaiy bread Although no special propaganda was 
made for the bread, the consumption reached a level of 65 per cent of the total 
bread produced the first month, fallmg to 16 5 per cent nme months later, and 
finally after a year dropped to 11 per cent of the total bread consumption “The 
new cheap brown bread had, m fact, only replaced the other brown breads pre- 
viously eaten and had not permanently replaced white bread to any appreciable 
extent ” 

This experience has been overemphasized as an argument showmg that people 
will not eat whole wheat bread The report consisted of verbal information 
from Dr O Stmer, Federal Service of Health, Berne There is nothmg m the 
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report to suggest whether it ^"bs the consumer or soroe difficulty m the nature of 
the flour or its treatment durmg millmg or bakmg which was responsible for 
the decrease m consumption of the special bread Furthermore an active 
educational campaign should olwaj’S accompan\ a step of this kind 
Whfle insisting that people won't eat whole wheat bread the proponents of 
^'ennehment*’ of ivhite flour ignore accumulating evidence that people are slowK 
but surely lummg to whole wheat bread They ignore m the first place that 
hundreds of milhons of people ore eatmg whole wheat bread and are hkmg it 
The Amencan people are no different as human bemgs from the European peoples 
In Aberdeen school canteens (98) experiments were conducted with the object 
of educating chDdrcn to eat more wholesome food Whfle difficulties were 
expenenced with some tv'pes of food, none was expenenced with whole wheat 
bread, showing that it was palatable to these children 

In a studj of actual foodstuffs consumed in \anou5 cities m Great Britain 
Cathcart and Murra\ (99) had this to saj about St Andrews, The ‘Bread' 
group provides two mteresting items of mformation The level of consumption 
of brown bread might almost be regarded as an mdex of social standmg Group 
I consisted of the hipest mcome group They all ate brown bread \s m 
come progressneli decreased, brown bread consumption decreased Of the 
families m the lowest mcome group mcluding the unemplo\ed, onl> 1.3-8 per 
cent ate brown bread ’ Presumabl> the higher mcome groups consumed brown 
bread because thev had been educated to its superior nutntne \Tilue and it 
must have been palatable or thej would not ha% e eaten it Some white bread 
was eaten in all classes 

In a survey m Glasgow (99) m 1911 white bread wos apparentlj universall\ 
eaten, whereas m 1933 about one-fourth of the families ate brown bread 
It appears therefore that there are other reasons besides palatabilitj for the 
consumption of white bread or whole wheat bread When people arc convmced 
whole wheat bread is supenor to white bread they find it palatable and when 
the two breads are compared, man> find whole wheat bread more palatable than 
white bread The unpalatabnit> of whole wheat bread and the alleged refusal 
of people to eat it are myths and have no foundation m fact 
The "enrichment” of bread is frequently compared with the fortification of 
milk with vitamm D That comparison does not stand scrutmj Milk is 
a natural product and is practically a complete food, but it is low m vitanun D 
Addition of vitamin D impxxrves It beyond its nutritional \*alue as a natural 
product, especially for children Wheat on the other hand is first processed 
and converted from a food of high nutnlive quaht\ to a food of verv low qualiU 
To this nutritionally impoverished product thiamme nbofiavm and mcotmic 
acid are added and the product is called ‘ ennehed ” Actually compared to 
whole wheat it is still nutntionally impoverished, and the term "ennehed' 
bread is very misleadmg 

In their recommendations of daily allowances for speafic nutnents (117) 
the Committee on Food and Nutntion ieSis to pomt out that these allowances 
are appbcable only when natural foodstuffs comprise the diet Then it can be 
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safely assumed that the unhsted members of the vitamm B complex; as well as 
other factors are also furnished m adequate amoimts That assumption cannot 
be made when “ennched” bread forms a substantial part of the diet, smce on 
paper such a diet will meet the recommended daily allowances of those sjiecific 
nutnents mentioned, but wdl fail to supply a great many other nutnents not 
hsted which may well be as important as those that are listed 

Opposition to ENnicmtENT To this program for “ennched” bread, there 
has been no great opposition recorded m the hterature, but apparently there 
has been a great deal of opposition which has not come out m the open as shown 
by the statement of Williams (94), “Yet this great reform is being sabotaged 
or damned with famt praise by half the nutntiomsts of the country on the ground 
that it iiould be stdl better if we could arrange breakfasts of ham and eggs, 
whole wheat buns and a glass of milk for everybody Of course, it would be, 
but shall we wait for the millemum to take our first steps to mass repair our 
nutntional errors ” 

Luck (103) suggested that w’hite bread be taxed as a luxury and the money 
thus obtamed be used to subsidize whole w'heat bread by establishing a pnce 
differential m its fa\ or This suggestion W'as coldly received or entirely ignored 
‘ Carlson (104) contnbuted the foUowmg sound nutritional advice, “Nutntional 
safety lies m omnivorousness, m consummg, so far as possible, foods m their 
natural states, and, m the case of fruits and vegetables, eatmg some of them 
mw' Some of our malnutntion started with the processmg, the refimng, and 
the punfication of such foods as the cereal grains, modem milhng processes 
shuntmg the most valuable part of these natural foods mto the mouths of chick- 
ens, cattle and hogs The germ and the outer coats of the grams hold I'^aluable 
proteins, mmerals and ntamins Human dietary safety on this front would 
seem to be Go back to first prmciples, puttmg the whole gram mto the flour 
and the bread We can leam to like it There is no more purity or virtue 
m white bread than m white wmter butter I thmk w^e could leam to prevent 
the oxidative rancidity of the whole gram And until we have that problem 
hcked, w hy not store the wheat and mill the flour as we need it — In my judg- 
ment, the recent addition of a little of the ntamms and mmerals now miUed out 
of the gram, and smgmg paeans of dietary salvation over this ‘ennched’ flour 
and bread, is not a sound policy either for today or tomorrow ” In fact, Carlson 
has been the only Amencan scientist of note who has so far come out squarely 
for whole wheat flour as against “ennched” flour 

Further experimental work Cereals and calcium meiaholism Endence 
IS rapidly accumulatmg to mdicate there is a factor or factors m cereals which 
mterfere with calcium metabolism E Mellanby (121) showed that on diets 
■without ntamm D, nckets in puppies tended to be more severe on cereal than 
on non-cereal diets He (122) later showed that under the conditions of his 
experiments, oats w as the most rachitogenic of the cereals mvestigated and white 
flour the least, wath but little difference between w'hite and whole wheat flour 
He demonstrated that ntamm D and calcium salts could counteract the rachi- 
togemc actinty of the cereals, but noted that morgamc phosphates were ■without 
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effect Since cnlcium salts could overcome the rachitogcnio activity of cereals 
he found it necessarj to explain why the cereals like oats with a high calcium 
content were more rachitogenic than white flour with a Ion calcium content 
This he did by asBUmmg that cereals contamed a “toxamm” which rendered 
calcium salts unavailable He found that boilmg with 1 0 per cent hydrochloric 
acid destroyed this “toxamm,” makmg the calcium of the cereal a\ affable for 
metabolic purposes This "toxarain” could also be rendered innocuous b\ 
“saturation” with calcium salts, after which dietary calcium would be available 
for metabohe purposes 

May Mellanbj (123) confirmed the destruction of the anticaloifying principle 
of cereals by boilmg with 1 0 per cent hydrochlono acid She also studied the 
effect of germination on the anticaloifying prmciple of oereals and obtamed 
irregular results She suggested that when loss of anticalafying power did occur 
m cereals, it was due to ensynuc changes 

The possibflitj that the ph5dm of cereals might be the offendmg substance 
was entertained as a result of the mvestigations of Steenbock, Black and Thomas 
(124), Temphn and Steenbock (126), and Bruce and Callow (126) These 
workers showed with rats that rachitogemo diets with a high calcium low phos- 
phorus ratio could be corrected by the addition of inorganic phoephates Part 
of the rachitogenic effect of the diet was due to the unavaffabity of the phosphorus 
m the phytm of the cereals Lowe and Steenbock (127) further showed that 
the availabffitj of phytm phosphorus depended on the conditions of the axperl 
ment On low calaum low phosphorus diets, phytm could be hydrolysed in 
the gaatromtestmal tract of the rat to a substantial though mcomplete degree 
Calcium carbonate inhibited the hydrolysis of the phytm They established the 
absence of ph)-tase, the phj-tm hydrolj-smg ensjme, m the mtestmal mucosa 
of the rat and suggested that the phytase activity m the rat was probably due 
to the phytase of the flora of the gastromtestinal tract as well as the phytase 
of the ingested food 

Harrison and Mellanby (128) insisted that the flndmgs inth rats on rachito- 
genic diets with a high calaum low phosphorus ratio had no beanng on his 
studies with puppies, smee morgamo phoephates could not counteract the ra 
ohitogenio action of the cereal diet, but calaum salts could However, they 
mvestlgated the posslbihty that phytm might interfere with calaum metabolism 
They found commercial phytln slightly antirachitic, but sodium phytate was 
deflmtely rachitogenic They could account for the rachitogenic action of cereals 
by their phytm content The phytm from cereals contamed less calaum than 
commercial phytm The hi^ calaum of commercial phidm could account for its 
slight antirachitic actinty They (128) concluded “This view that the action of 
cereals is duo to interference with calaum nbsorpbon accords with the observation 
that the effect can be prevented by feeding extra calcium, in other words, bj satu 
ratmg phytic aad and rendering It inactive ” After saturatmg the phytic acid 
with calaum, further additions of calaum would presumably be available to 
the animal 

While Harrison and Mellanby (128) had established that the phytm m cereals 
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as, at least m part, the offending rachitogenic substance, then: contention that 
phytm rendered calcium unavailable b 3 ’' combinmg mth it to form an insoluble 
calcium phytate Mas put mto serious doubt ivhen Kneger et al (129) shoM^ed 
that the calcium of calcium phytate was as readilj’’ absorbed as that of calcium 
carbonate M'hen fed to rats on cereal-free diets low m calcium There remamed 
to be explained the mechanism by which ph}d:m mterfered inth absorption of 
calcium 

McCance and Widdmvson (130) made a thorough mvestigation with human 
bemgs of the absorption of calcium from diets m which either broim bread (made 
from flour of 92 per cent extraction) or white bread made up 40 to 50 per cent 
of the calones More calcium was absorbed from the white bread diet even 
though the calcium mtake was less than that on the brown bread diet Fortify- 
ing the breads with calcium salts mcreased the absorption of calcium and pre- 
vented loss from the body if it had been taking place The carbonate was as 
effective as the phosphate Vitamm D did not improve the absorption of calcium 
m the human adult Sodium phytate when added to the white flour diet mter- 
fered with the absorption of calcium Yet, sodium phytate was spht m the 
gastromtestmal tract smce about one half of its phosphorus was absorbed (130) 
How phytm could be spht to such a large extent and still mterfere with calcium 
absorption was a puzzle It was explamed on the assumption that calcium was 
absorbed m the upper part of the gastromtestmal tract, while phytm was split 
m the lower, and any unavailable calcium hberated m the splittmg of the phytm 
was lost with the feces These mvestigators (130) showed that dephytimzed 
bread lost part of its power to mterfere with calcium metabolism, while phos- 
phates were shown to account for the remamder of the anticalcifymg action of 
brown bread The bulk of the feces had httle to do with the absorption of cal- 
cium They attnbuted the poor absorption of calcium from brown bread to 
the specific action of the phytates and phosphates The dephytmization of 
bread deserves greater study The great vanabihty among their subjects m 
their abihty to absorb calcium was one of the outstanding findings of their study 

On the basis of their studies (130) they recommended that flours be fortified 
■with calcium as follows For each 100 grams of i\'lute, 85 per cent and 92 per 
cent flour, they recommended the addition of 65 mgm , 120 mgm and 200 mgm 
respectively of calcium When brown bread forms about 40 to 50 per cent of 
the calonc mtake, a httle less than a pmt of milk would supply adequate calcium 
m the absence of other nch dietary sources of calcium 

The problem of calcium metabolism is a comphcated one The normal man 
secretes 4 to 10 hters of digestive juices contammg 0 3 to 0 8 gram of calcium 
(131) Different types of food cause the secretion of different amoimts of di- 
gestive juices Whole wheat bread will stimulate the secretion of a greater 
quantity of digestive juices than white bread (35) This calcium must be re- 
absorbed or lost to the body The absorption of calcium is mfluenced by phy- 
tates, phosphates, vitamin D, fat, citrates, oxahc acid, acid base balance and 
many other factors (131) 

Cereals and iron melabolism Widdoivson and McCance (132) cautioned 
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against laying too much stress upon brown bread as a food rich m iron This 
recommendation ivas based on some balance studies on white and brown bread 
with normal men and women More iron was retamed on white bread than 
on brown, oven though the latter bread contamed more iron Positive balanees 
were, however, obtained m all cases Data on balance studies, especially when 
positive balances are obtamed, are hardly grounds for condemmng the biological 
value of iron m whole wheat in the face of such overwhelming data in the rat 
mdicatmg that the iron of whole wheat has a very high biological value as meas- 
ured bj hemoglobm formation (138, 107), a far more pertment criterion than 
a small or large positive balance In this respect the work of Mitchell et al (107) 
IS especially significant They showed with rats that a whole wheat diet m 
duced a significantlj higher hemoglobm production than an “ennched” white 
bread diet, even though the “ennched” white bread diet contamed a httle more 
iron Widdowson and McCance (132) cautioned against applying the results of 
experiments with rats to man because the rat secretes a phytase (133) and man 
presumably doesn’t Therefore phytm would presumably mtorfere with iron 
metabolism m man but would do so to a lesser extent m the rat This onticism 
IS, however, not vaUd There is no agreement on the abOity of the rat to secrete 
a phytase rince Lowe and Steenbook (127) could not find any phytase in the 
mtestmal mucosa of the rat but attnbuted the phytase activity m the rat to the 
flora and the phytase of the food. Moreover, the human m this respect does not 
differ so markedly from the rat, amee there must be a good deal of phytase in the 
human mtestinal tract to account for the sphttmg of about half of the ingested 
phytin (130) 

Studies on iron absorption seem difficult to mterpret WiddowBon and 
McCance (132) suggested that httle non is excreted m the gut except through 
bleedmg and iron is poorly absorbed except when needed by the body These 
' ideas have been amplj confirmed (134) Patients bleeding from peptic ulcers 
absorbed 16 to 20 per cent of the iron administered whereas a normal medical 
student absorbed onlj 1.8 per cent Patients with hypochromic anemia ab- 
sorbed a great deal more iron than normal people In general, it seems that the 
question of dietary iron has assumed an importance unjustified b) the probable 
rfile it plays m the diet of the population (135) 

Fading txptnmenU with whole wheal and "ennched ’ bread One of the most 
e.xhaustive and best planned investigations of the nutritional value of "ennched” 
white flour is that of Mitchell Hamilton and Shields (107) Three senes of 
experiments were run The first senes compared “ennched white flour, 
“ennched” white flour with 6 per cent skimmed milk sohds, and white flour 
with milk solids The paired feeding method was used with equalization of 
food intake The rate were paired in tnos The test showed that the flours 
containmg the rmTk solids were biologioaDj equai whether ennched or not, and 
superior to the “ennched” flour without the milk sohds “Ennching” flour 
containmg 0 per cent milk sohds added nothing not alreadj added by the milk. 

In the second senes of experiments, paired tnos were ogam used compnrmg 
whole wheat flour, “enriched” white flour without milk solids and “ennched” 
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■white flour -with milk solids Agam, the “ennched” white flour was mfenor 
to the “ennched” white flour plus milk sohds and also to whole wheat flour 
There was no significant difference m nutntive value between whole -iiheat flour 
and “ennched” white flour plus milk sohds 
In a third senes of experiments, growth mstead of food mtake -nas equahzed 
between the tnos, thus comparmg the nutntive value of the different flours m 
terms of the amount of food required by the rat to make the same growth In 
this senes they compared whole wheat bread, whole wheat bread -with milk 
sohds, and white bread wnth milk sohds The test shoiied that whole wheat 
bread was somewhat mfenor nutntionally to white bread plus Tmlk solids and 
whole wheat bread plus milk solids was supenor to the other two breads It 
required 11 per cent less food as W'hole wheat bread plus 6 per cent mflk solids 
than white bread plus milk sohds for rats to grow at the same rate 
Whole wheat bread gave somewhat better iron retention and hemoglobm 
formation than breads “ennched” with iron salts, wnth or ■without milk sohds 
On the other hand, whole wheat impaired somewhat the utihzation of calcium 
Williams, Mason and Wilder (106) have evaluated the nutntive contnbution 
of “ennched” white flour “with particular reference to satisfaction of the human 
requirements for thiamine and nbofla^vm ” Seven subjects, all women, were 
used m this test and di^vided mto 3 groups White flour, white flour ennched 
■with thiamme, mcotmic acid and 6 per cent milk sohds and whole wheat flour 
were compared The flour made up about 30 per cent of the calones of the diet, 
the rest consistmg of foods commonly appeanng on Amencan tables The 
experiment was badly planned since neither the whole wheat flour nor the un- 
fortified white flour contained milk sohds, though it is a common practice of com- 
mercial bakers to add milk sohds to white bread Properly planned, the expen- 
ment should have compared either white flour and “ennched” white flour or white 
flour ■with milk sohds and “ennched” white flour and milk sohds The omission 
of milk sohds from whole wheat flour was perhaps justifiable smce commercial 
whole wheat bread does not usually contam milk sohds The addition of milk 
sohds to commercial whole wheat bread should be encouraged 
The subjects on the white flour diet developed symptoms of thiamine defi- 
ciency, but so did those on the “ennched” flour, though only m a mild form One 
subject on the whole wheat flour developed symptoms of thiamme deficiency 
and one was symptom free There were no defimte symptoms of nbofla^vm 
deficiency m any of the subjects Their results could not be confirmed by Keys 
et al (1 18) who fed young men an equally low thiamme diet and subjected them 
to hard work No mterference m carbohydrate metabolism nor any other 
symptoms of thiamme deficiency were noted 

The vitamin B-complex and hard labor Johnson et al (108) investigated the 
effects of a diet, deficient in the ntamm B complex upon men domg manual 
labor They showed that men domg hard physical labor even for a few days 
need an adequate mtake of the ■vitamm B complex Thiamme alone wiU not 
mamtam the physical fitness of laborers, but whole dned brewer’s yeast will 
This work has been confirmed m part by Barborka, Foltz and I^vy (109) who 
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showed that tho \ntamm B complex is necessarj for hard physical labor These 
workers used a yeast concentrate as their source of vitamm B complex 

The mabihty of thmmme to restore the physical fitness of men, deficient m 
the vitamm B complex, for doing hard phj-sical work shows the danger of jump- 
ing to conclusions about the importance of thiamme m the human dietary 
The rhle of thmmme m carbohydrate metabolism has led to the overemphasis 
m its importance m activities involving accelerated oxidations To be sure, 
thiamme is necessary , but so are other factors and an adequate diet may bo 
compared with a cham whose strength is deterramed by the weakest link In 
the same way a diet becomes deficient if it is deficient m any single factor To 
replace whole wheat whose nutntional quality is known, by an unknown quantity 
like "enriched” white flour is unwise In this connection it should be pomted 
out that eight synthetic vitamms were inadequate as a source of the vitamin B 
complex for the monker (119) and for tho puppy (120) Should the mtake of 
“protective foods” m our population be reduced below a safe level, the result 
may be nutntional disaster This crisis is no time to play a guessmg game with 
the nutntional welfare of 130,000,000 people at st ake , especially when all evi 
dence points to the nutntional supenonty of whole wheat bread The argu 
ment of palatabUity la dubious ground for such a course 

Composition of white fuiur, “ekiuchep” white floto anp whole wheat 
FLOUR 'While the nutntional supenonty of whole wheat over white flour has 
been established for a long time bv many feedmg expenments, it is only recently 
that the reasons for this have been understood As new factors of biological 
importance have been discovered, whole wheat and more espetaally the germ 
and bran were found to be good sources of these factore In table 8 white flour, 
“ennched” white flour and whole wheat flour are compared with respect to all 
nutnents for which data could be found The eujjeriority of the whole wheat 
flour IS impressive and explains the supenonty found for whole wheat m feedmg 
expenments It should bo noted that the table is incomplete, since other factors 
such as biotm, chohne, mositol and fohe acid are not listed for lack of data and 
they are, so far as known, also concentrated m the wheat bran and germ Other 
less well known factors, and perhaps factors ns yet undiscovered, are also likely 
to be present m these mill by products 

It is difficult to see how in the face of this impressive evidence of the nutntional 
supenonty of whole wheat bread, backed ns it is by so many feeding tests, that 
the Committee on Food and Nutntion could recommend “ennched” white flour, 
at a time when “protective foods” of animal ongm are becoming scarcer and are 
bound to become increasmgly so under our war economy They have recom 
mended that wo throw away our “staff of life’ upon which we may have to lean 
very heavily and substitute m its place a crutch of known mfenonty, of unoer 
tain quality and untested value It is altogether possible wnth our rapidly 
dotonoratlng food situation, if the war contmues for any great length of time, 
and trptaaUy tn event of poor crops, that wo shall have to depend upon bread 
for a larger share of our food Then tho wide use of “ennched” bread might 
result m an impairment of the nutntion of large numbers of our people 
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We do not know enough about food deficiencies in the population The clinical 
information is spotty and unreliable, since no reliable cntena exist to charactenze 
these vague subchmcal nutntional deficiencies The claims made for nutri- 
tional deficiencies in the population are based largely on dietary standards of 
vanous food factors and also nutntion surveys both of which are unrehable 
The dietary standards are little more than mtelhgent guesses at human require- 
ments, and care has been taken to set them high enough to allow for margms 
of safety which is all to the good, but partial deficiencies of specific members of 
the vitamin B complex m the general population cannot at present be deter- 
mmed with any degree of certainty 

TABLE 8 


CompostUon of white flour, "enriched" while flour and whole wheal flour 



WHITE 

PtOtTR 

"eoticbid" 

WHITE 

IXOUE 

WHOLE 

WHEAT 

TtCXTZ 

EEFEEENCS 

Thiamine, mgm per pound 

0 3 

1 7 

2 3 

(110) 

Riboflavine, mgm per pound 

0 16 

1 2 

0 6 

(110) 

Nicotinic acid, mgm per pound 

3 6 

6 0 

26 0 

(110) 

Pyndoxine, mgm per pound 

1 0 

1 0 

2 0 

(101) 

Pantothemc acid, mgm per 100 grams 

2 5 

2 6 

6 0 

(101) 

Carotene (vitamin A), mgm per pound 

ml 

nil 

1 6 

(111) 

o-Tocopherol (vitamin E), mgm per pound 

Dll 

Dll 

1 4 

(112) 

Fat, per cent 

1 2 

1 1 2 

1 2 4 

(111) 

Protein, per cent 

11 0* 

11 0* 

12 7t 

1 (111) 

Calcium, per cent 

0 02 

0 02 

0 046 

(111) 

Phosphorus, per cent 

0 092 

0 092 

0 423 

(111) 

Iron, mgm per pound 

3 0 

6 0 

20 0 

(111) 

Manganese, grams per 760 calories 

0 1 

0 1 

6 7 

(86) 

Potassium, per cent 

0 115 

0 116 

0 473 

(111) 

Copper, grams per 760 calones 

0 40 

0 40 

1 6 

(86) 

Ash, per cent 

0 37 

0 37 

1 70 

(111) 


* Low quality 
t High quality 


The proponents of ennched bread are on tenuous grounds when they claim 

1 The ma]or vitamm B complex defects of the Amencan diet are thiamme 
and mcotimc acid 

2 That these are the only valuable factors of the vitarmn B complex supplied 
by whole wheat 

3 That the rest of the diet contains an abundance of the other vitamin B 
complex factors (plus factors) of whole w'heat, thus ju 8 trf 3 nng their removal m 
the nullmg process 

The plam truth of the matter is that we do not know It would be advan- 
tageous to use whole wheat bread for the followmg reasons 

1 The vitamm B complex with the exception of nboflavm would automatically 
be taken care of Losses m cookmg would not have such a senous effect on 
the diet 
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2 Unknown factors would be supplied giving greater confidence to the diet, 
since some of them maj not be adequately furnished by the rest of the diet 

3 Proteins of high quality and mmerals would be furnished 

4. Milk would supplement the wheat by making good the riboflavin de- 
ficiency, improve the quahty of protem and add enough calcium to make it 
adequate. Milk production is being encouraged at the expenae of meat 
production. 

6 With milk and whole wheat bread the diet would practically be adequate 
and addition of small amounts of eggs, fish, fruits and vegetables would round 
out the diet and make it nutritionally excellent 

6 It IS always far easier to build an adequate diet aroimd whole wheat flour 
than white flour 

7 As foodstuffs such as meat, eggs, milk, fruits and vegetables become scarce 
as a result of the war, the whole wheat, if used, will become the mamstay of 
our diet and if properly combined with what protective foods vnll be available, 
the nutritional level of the population will remam high If white flour is used, 
even if *‘ennched,’' It is difficult to see how deterioration of the national diet 
can be avoided That would mdeed be a matter of grave concern 
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THE CHANGES IN THE FETAL CIRCULATION AT BIRTH 
DONALD H BAHRON 

The LoboTclOTy of Phynoloffy I Univtniiy School of iltdtcim 

The pattern of the fetal circulation and the changes it undergoes "when breath- 
ing begins at birth have long been topics of interest and speculation, but seldom 
subjects of direct observation As a result the greater part of our knowledge about 
them was imtil recently, inferred from observations made post mortem upon 
fetuses at verying stages during gestation and upon the new bom Withm the 
past ten years, however, a great deal of information has been accumulated bj 
direct methods m studies earned out m, and inspired from, the laboratones of 
Sir Joseph Barcroft at Cambndge and A E Barclay at Oxford 

As 18 often the cose the advances m our knowledge have resulted from the 
apphcation of new techniques to the age old problems Barcroft has studied 
intensively the oxygen content of the fetal blood to discover the pattern of the 
circulation Barclay has brought to a high degree of perfection methods for 
making x ray cmematographs These methods hav e enabled him and his colla- 
borators to record pictonally the movement of radiopaque substances such as 
tborotrast, uroselectan B, and hpiodol, after their mtroduction mto the blood 
stream, and so the movement of the blood The records are of tw o types direct 
and mdirecU The direct records are made bj exposmg five inch segments of a 
contmuous film five mchea wide and many feet m length Such exposures have 
been succeasfuUi made at a rate of three or four per second Indirect records 
are made by photographing with a sixteen Tmihmeter cine camera, at normal 
speed, the images made by the x-rays on a flourescent screen 

The apphcation of these new techniques has clarified our views, but even thev 
do not permit the study of the circulatory changes in vtav and at normal birth 
To apply them the fetus must be dehvered by caesarian section Under the 
most favorable conditions the uterus after dehvery begins to contract and impair 
the circulation through the fetal and maternal sides of the placenta Until 
someone devises methods for study of the fetal circulation in utero we shall be 
obliged to deduce its character from fetuses under such conditions Despite 
this hmitation the available data do serve to broaden our view about the nature 
of the vascular sjstem m prenatal development and at birth To this end thej 
are collected here 

The paUem of the fetal circulation immediately after deltcery by caesarian sec- 
tion, placental aradation intact RadioiMique substances mtroduced into the um 
bihcal veins of near term fetal Iambs (27) are corned to the postenor vena cava 
along cither one of two routes One leads from the umbilical recess — the proxi- 
mal portion of the vein formed by the union of the two umbilicala — through the 
iiv cr capillancs From these capilioncs the blood is collected b> two large he- 
patic veins and a varying number of small vessels all of which empty mto the 
postenor cava The second route leads from the umbUical recess through the 
ductus vonosus — thus nvoidmg the liver capillancs — into the vena cava 
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There has been speculation from time to time as to the portion of the return 
from the umbihcal vems that follows each of these routes The filmR of Frank- 
hn, Barclay and Pnchard (27) demonstrate that m the sheep the greater part 
goes through the hver capillanes, the smaller through the ductus venosus This 
evidence is m accord with the older anatomical studies which mdicated that the 
ductus venosus m the human fetus at term had a diameter of that of the 
umbihcal vem (54) The portion of the blood traversmg the ductus may — ^under 
circumstances not well understood — ^be diverted mto the hver capillanes 

The x-ray records of fetal lambs reveal that the flow through the ductus may 
cease abruptly only to begm agam after mtervals of varjung length The cessa- 
tion and renewal of the flow through the ductus venosus resembles m some 
respects the arrest of the blood flow through the ductus artenosus at birth (see 
below) It appears to be brought about, as Barclay and his colleagues suggested 
(8), by the contraction of a horseshoe shaped sphmcter muscle m the wall of 
the umbihcal recess, just at the pomt where the ductus sprmgs from it (20) 
This muscle is supplied, m the sheep, with motor type endmgs by a nerve formed 
by union of branches of the two vagi These nerve fibers do not appear to end 
on ganghon cells m or near the umbihcal recess but directly m its musculature 
Hence they are probably not parasjmpathetic pregangliomc but post ganghonic 
sympathetic fibers This assumption is supported by the observation of Frank- 
Im (personal communication) that stimulation of the vagi m the neck region of 
fetal lambs was not followed by constnction of the sphmcter m a smgle ex- 
periment Further observations will be necessary before any final statement 
can be made 

Studies of the activity of this sphincter as revealed by x-ray cme records 
have been made only m fetuses near term It may be that the sphmcter is 
active only m the closure of the ductus at birth However, the penpheral 
mechanism is laid down and anatomically complete by the fortieth day of 
gestation (20) so that it may play a r61e m regulatmg blood flow through the 
hver m normal utenne hfe If active, it might be expected, by constnctmg, to 
raise the blood pressure m the umbihcal vems and to lower it m the cava As 
will be pomted out below, lov enng the pressure in the postenor cava might have 
important consequences at the heart 

To return to the course of the blood leavmg the hver In the postenor vena 
cava the blood bearmg the contrast matenal is added to the return from the 
caudal half of the bod 3 ’- Upon its approach to the heart, as indicated by the 
x-ray records, this stream divides (5) The deeper shadow mdicatmg the larger 
stream of blood enters the left heart via the foramen ov’^ale , the smaller stream, 
casting a shadow less dense enters the nght atrium 

In the left heart the stream from the postenor cava is added to the return from 
the lung capillaries and projected through the aortic arch into the head, the upper 
extremities and the dorsal aorta The stream into the nght heart is added to the 
entire return from the upper circulation arnving via the anterior vena cav^a, for 
the radiographic studies indicate that none of the antenor caval flow enters the 
left heart directly The contents of the nght heart are projected — as mdicated 
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by the ahadoivB cast by contrast materials borne m them — along the pulmonary 
aorta, to the hmg capillanes and through the ductus artonosus mto the dorsal 
aorta The blood m the dorsal aorta represents contributions from both ventri- 
cles This pattern of the fetal circulation appears to be substantially the same 
through the last third of the gestation of the fetal lamb It can be represented 
diagrammatically as m figure 1 

Similar results vnth regard to the course of the two cainl streams mto and 
through the heart have been obtained m kitten and gumea pig fetuses by Windle 
and Becker (61) Their methods wore simple and direct In these fetal types, 



Fig 1 A icbeiDe repreuntlng the basic plan of tbs fetal circulation The arrowi Indl 
cate the direction of blood flair The blood flow per minute In each of the major channels Is 
expressed alEebralcally For details see text 

if the chest plate is remo\ ed, the atnal walls are thm enough to permit the de- 
tection of small differences m the color of their contents by inspection India 
mk in small quantities was Introduced mto either the umbUical or jugular voms 
Ink introduced mto the umbihcal vem passed for the most part dircctl> mto left 
atnum ns indicated by its darkening a small quantity of ink entered the right 
atrium Ink mjected into jugular vem did not darken the left atnum on reach 
ing the heart, but passed through the right atnum and x entnelo to the ductus 
artonosus and the lungs 

Some of the consequences of this pattern of circulation has e been revealed bx 
a studj of the oxx-gen content of the blood in the umbihcal xcin and arteries. 
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and m the carotid (30, 13) In the fetal lamb the amount of oxygen m the caro- 
tid blood IS mtermediate between that m the dorsal aorta — as represented by the 
umbihcal artery — and that m the umbilical vem Until a few da}^ before birth 
it IS always nearer the value for the umbihcal artery than that for the vem, 
but m the last days of gestation the oxygen content of the blood m the carotid 
tends to drop to a value nearer that of the umbilical artery Substantially the 
same results were obtamed by Huggett (30) on goat fetuses, though his senes is 
not so complete nor does it mclude observation on fetuses in the very last days 
of gestation 

These three hnes of evidence mdicate that the blood retummg from the pla- 
centa nch m oxygen is distnbuted m the mam to the upper circulation, which 
mcludes the heart itself, the upper extremities, the central nervous system and a 
part of the chest vail But the significance of this distribution remams to be 
discovered 

The anatomical basts of the pattern of the fetal circulation The establishment 
of the pattern of the circulation through the fetal heart raises the question 
How is this selective distnbution of the two caval streams accomplished? Ap- 
parently the failure of any one in the past to demonstrate to general satisfaction 
any mechanism responsible for a selective distnbution of the two streams in the 
heart has proven the greatest obstacle to a widespread acceptance of the Saba- 
tier (47) theorj'' Sabatier beheved that all of the blood reachmg the heart from 
the infenor vena cava passed directly mto the left atnum via the foramen ovale 
without entering the nght atnum From the left atnum it v as distnbuted to 
the head and upper extremities The blood retummg to the heart from the 
supenor vena cava, he beheved, passed through the ductus artenosus mto the 
descendmg aorta thence to the lower parts of the body and the placenta None — 
accordmg to the hypothesis — passed through the lungs, none through the isthmus 
of the aorta 

The opposmg view, erroneously credited to Galen and Elarvey (see Franklin, 
26) assumed that the tvo caval streams mixed m the nght atnum and the left 
atnum was supposed to be supphed via the foramen ovale from this mixture 
Both ventncles pumped blood of the same composition mto their respective beds 
The circulation through the lungs was assumed to be minimal This view has 
been supported, to be sure, by anatomical and physiological studies (43, 44, 32, 
33, 39, 40) but its popularity appears to have stemmed m a great measure from 
its inherent probabihty Ihis inherent probabihty, of course, rests on the as- 
sumption that the two cavae end m the nght atnum and only there, and further 
that the foramen ovale is the only direct commumcation betv een the two atna 
These assumptions — a part of current teachmg of the embryologj' of the heart — 
have had their contestants along the years, chief among them Wolff (53), Kihan 
(36), Rudmger (46), Zeigenspeck (54) and recently Amoroso et al (2) 

Wolff was apparentlv the first to advance, on the basis of anatomical studies 
made upon human fetuses, the view that the atna m the fetal heart are not m 
direct communication mth one another, but are joined through the channel of 
the infenor vena cai a v hich opens separately mto each chamber Wolff’s con- 
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tention 'niis supported later bj the anatomical studies of Kihan (36) and of Zcig- 
enspeck (64) In his descriptions of the termination of the cavao in Prejer’s 
book, Die Phycidogic da Embryos (45), and m his later paper (64) Zeigenspeck 
provided illustrations and diagrams that a-ould appear to establish WolfPs vien 
as a fact, but these were either ignored or did not come to general attention 
Latol} the subject has been restudiod by Amoroso et al (2), who pomtcd out 
that m the light of recent embryological studies a part of Wolff’s infenor vena 
ca\ a would not be so described now, for it arises from cardiac tissue Hqwever 
any difficulties that ought arise from the use of anatomical terms with fixed 
imphcations may be avoided bj the use of their term “posterior caval channel” 
for designatmg the structure as it appears m the fetal lamb Under this term 
Amoroso and his colleagues would mclude not only the posterior cava itself. 



Fig 3 A diagram lUiiatrating the rclatiooa of the termination of the poetenor oaval 
channel and tho interatrial septum in a mid term fetal lamb 


but also the mtracardiac contmuation of the channel up to the level at which 
the posterior caval blood discharges mto the atrial cavuties In a study which 
included a variety of forms — ungulates, oamivores and primates — but gave special 
attention to tho lamb. Amoroso d al found that the division of tho postonor 
caval channel mto the right and left branches occurs on tho free edge of what 
embryologists in this country would term the septum secundum or isthmus 
atnorum They purpose the term ‘ Cnsta dindens” to desigrmte this edge — 
a term surely more indicative of its functional rfilo but one w hich gives little hmt 
of its embrvological ongin In the fetal lamb at term (see fig 2) tho left bound 
ary of the left fork of the posterior caval charmel is tho valve of the foramen o\ ale 
or septum pnmum, the right boundary of the right fork of tho channel opening 
into that atnum is formed bv tho Eustachian vnh c or the nglit v alv o of the 
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sinus venosus The left fork of the post caval channel leads, therefore, directly 
mto the left atnum, the nght mto the nght atnum According to Amoroso 
et d (2) this general plan is found m the other forms they studied 
This view of the configuration of the tennmation of the inferior vena cava and 
the position of the foramen ovale has been repeatedly opposed (21, 44), especially 
by Bom who objected that the relationships of the parts could not be established 
on fresh specimens m which they could be pushed and pulled about, an objection 
that seems to have been regarded as vahd by the vast majority of embryologists 
for Wolff’s mterpretation does not appear to have been generally accepted 
Further anatomical studies will doubtless be needed before Wolff’s views be- 
come a part of current teachmg, but the fact remams that they do account for 
the results which have been obtained from the studies on the course of the 
posterior caval blood through the heart These studies m turn are a confirmation 
of his scheme of the fetal circulation, for Wolff expressed the opimon about one 
hundred and sLxty years ago that the posterior caval blood was poured mto both 
atna — one-third of it mto the nght, two-thirds mto the left After one hundred 
and sixty years these views may be regarded as substantially correct for the 
final stages of development 

One further anatomical pomt ments attention, hov is the antenor caval blood 
prevented m the fetus from entermg the postenor caval channel and so entenng 
the left heart? This separation appears to be accomplished by a tubercle — the 
tubercle of Lower — mterposed between the central ends of the two cavae Ac- 
cordmg to the descnption of it given by Franklm, Barclay and Pnchard (27), 
this tubercle m the fetal sheep forms a part of the dorso-an tenor vail of the 
postenor cava and the postero-dorsal wall of the antenor Its r61e m the sepa- 
ration of the caval streams they have deduced by a comparison of radiographs of 
the roots of the great veins with dissections of them 
The stmcture of the heart and the roots of the great veins appears, therefore, 
to be compatible vuth, and m all probabihty responsible for the course of the 
blood mto the two ventncles If the r61e of these stmctures m the functional 
separation of streams to the nght and left hearts needs further emphasis it has 
been provided m a stnkmg manner by Whitehead’s (50) neoprene model — a 
model based upon a reconstruction from senal sections, of the right atnum, the 
caval termmations, the foramen ovale and the nght atnoventncular opemng of 
a fetal kitten killed in ntero When perfused via the “infenor vena cava” with 
red colored water at 75 mm Hg and at the same time through the “supenor cava” 
at 67 mm Hg with blue, the flmd which emerged from the “foramen ovale” 
contamed 92 per cent red from the “infenor cava” and 8 per cent blue from the 
“supenor” The fluid leavmg the “atnoventncular onfice” was 87 per cent blue 
from the “supenor cava” and 13 per cent red from the “infenor” The position 
of the model m space had no effect upon the results However, v hen the pres- 
sures were lowered and equal the two “caval” streams mixed completely before 
emergmg at the “foramen ovale” and the “atnoventncular opemng” 

The r6le of dynamic factors in the maintenance of the fetal circulation 'pattern 
There are suggestions, though no direct evidence, that m the livmg heart as in 
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Whitehead’s model, the pressure m the posterior ca\a must exceed that in the 
antenor if the normal distribution of the streams to the atrm is to take place 
For example, Windle and Becker (61) noticed that the caval streams underwent 
rather thorough mixing m the atna of kitten and giunea pig fetuses when the 
heart slowed and the blood pressure fell A fall in the blood pressure of the 
fetuses they were atudymg may have been the underlying cause for the mixing 
of the caval streams m the heart as observed by Pohlman (44) m pigs and by 
Kellog (32) m dogs — an observation that led both mvestigators to assume that 
the two caval streams normally mixed m the right atnum Their results really 
bear witness to the fact that the distribution of the caval streams observed by 
Barclay ti al (4, 6) and Windle and Becker (61) depends upon dynaimc factors 
m addition to those of configuration 

And these dynarmc factors may, in some fetal forms at least, be altermg a 
good deal from moment to moment during the last day of gestation Dunng 
that penod, as is well known, the uterme contraotlona that earher occur so oc- 
casionally mcrease m frequency Each uterme contraction alters the fetal blood 
pressure by arresting clroulation through the vessels of the placenta 

In the fetus a transient rise is followed by a well defined fall which lasts 
throughout the contracbon During the fall m pressure the fetal heart is slowed 
(23) This fall m pressure, other thmgs bemp equal, might be eipeoted to be 
accompanied by mixing of the caval streams m the heart Similarly the narrow- 
mg of the ductus venosus and a fall in the postenor caval pressure might be 
accompamed by mixing of the caval streams In vUro the occurrence of these 
events certainly could not be regarded as abnormal Perhaps we would not be 
far wrong if we assume that the distribution of the caval streams, as pictured by 
Barclay el of (4, 6) and by Windle and Becker (61), represents the mitial pattern 
from which the transition to the adult typo begina — the changes in the dynamic 
features as in the nature of rehearsals for the first act of the drama of birth 

Fonalions o/ the arculaiton ml/nn (he fetal pattern There is good evidence 
from the studies of Barclay et al (4, 6) that the pattern of the circulation remams 
unaltered dunng the last third of gestation But withm this pattern there are 
possibUities for inde variation m the proportions of the blood that perfuse the 
mdividual channels Data mdicatmg the extent of these variations are meager 
mdecd, but certain tentative conolustons may be drawn from them 

Four facts appear to be estabUshed about the fetal cumulation 1 That the pos 
tenorcavalstreamdlvide3,apartgolugtoeachatrium 2 That the anterior caval 
stream enters only the right 3 The capacities of the two ventnoles are equal 
(44) as are — 1 — the pressures m them (29) Taken together the last two state- 
ments mdicate that the ^•entricular outputs are equivalent These facts may be 
related to the scheme of the fetal circulation as dlustiated m figure 1 In this 
scheme the output of each a entncle may bo called x The output of the loft is 
chvided between the upper cumulation and the aortic isthmus The fraction 
perfusmg the isthmus maj be designated y, then the quantity passmg through 
the upper circulation will be i — p This quantitj z — y is returned to the right 
heart To prondo the output x, the quontitA y must be furnished bj the stream 
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entering the nght heart from the mfenor vena cava The nunute volume 
through the aortic isthmus appears therefore to be eqmvalent to that of the 
stream from the mfenor cava mto the nght heart 

The output of the nght ventncle x is divided between the lung circmt and 
ductus artenosus The mmute volume through the ductus artenosus may be 
designated z, that of the lung circmt then becomes x — z The quantity z from 
the ductus is added to the y from the aortic isthmus and j/ + z then represents the 
flow through the dorsal aorta to the body and placenta which returns through 
the postenor cava Smce the quantity y is diverted to the nght heart, the quan- 
tity z must reach the left heart via the foramen ovale to be added to the stream 
represented by x — z from the lungs Upon this reasonmg the mmute volume 
through the ductus artenosus appears to be eqmvalent to that through the 
foramen ovale Accordmg to this scheme if z — ^the flow through the ductus 
artenosus — equaled the output of the nght ventncle, y would be zero The 
two ventncles would then be operatmg as pumps m parallel and the pattern of 
the circulation would be similar to that postulated by Sabatier (47) On the 
other hand, as the value of z falls the proportion of the nght ventncular output 
perfusmg the lungs mcreases, when z equals zero, then all of the output of the 
nght heart wiU perfuse the lungs and the flow through the foramen ovale and the 
ductus artenosus will cease The two ventncles would then be arranged to pump 
m senes One further generalization can be made about this scheme Any 
mcrease m the mmute volume of blood traversmg the lung capillaries wiU be 
accompamed by a correspondmg decrease m the mmute volume through the 
lower circulation Oddly enough the mmute volume through the upper circula- 
tion remains unchanged 

Observations upon the relation between the quantities y and z One of the con- 
clusions amved at above was that the division at the heart of the postenor 
caval stream mto two parts was primarily a result of the configuration of the 
termmation of the postenor caval channel Professor Patten (pnvate communi- 
cation) has informed me that his studies of the relations of the postenor caval 
channel and the foramen ovale mdicate that there is no pattern standard m all 
mammals and that the relations alter durmg development of an mdividual The 
differences are largely the result of variations m the position of the septum secun- 
dum mth reference to the termination of the postenor caval channel The 
comments of Professor Patten recall the observations of Wolff (53) and Zeig- 
enspeck (54) Wolff concluded from a study of the human fetal heart that the 
septum secundum was placed so far to the nght with respect to the midlme 
of the mfenor caval channel that, until the third month of fetal life, almost 
all of the mfenor caval blood was poured mto the left atnum As development 
advanced the valve of the foramen ovale grew and the septum secundum shifted 
relatively toward the left Wolff estimated from the position of the septum 
secundum that near full term one-third of the mfenor caval blood went mto the 
nght atnum 

The recent study of Keen (31) amply confirms Wolff’s contention about the 
shift of the septum secundum and his excellent illustrations should be studied by 
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cvcrj one interested m the subject In the heart of the human fetus of 28 eeha 
illustrated by Keen the mfenor caval channel opens ahnoat directly into the 
left alnum, i « , completely to the left of the septum secundum, whereas in the 
human heart at birth the channel opens \exy much farther to the right The 
septum secundum is placed ■very near the left wall of the mfenor caval channel 
but still separated from it 

According to Zcigenspeck’s (64) estimate — ogam based upon the position of 
the septum secundum m relation to the opemng of the postenor caval channel 
m human fetuses near term — one half of the blood goes mto the nght atnum 
This estimate has support from observations of Patten and Toulmm (42) who 
have calculated the cross sectional areas of the inferior vena cava and of the funo 
tional onBoes of the foramen ovale m twenty stillbom babes The cross 
sectional area of the cava they found to bo 69 7 sq mm , the onllce of the 
foramen ovale 32^ sq mm Inasmuch ns the pressures at these two pomts 
are the same, the flow to the left side of the heart at term would appear to bo 
just about half of the mfenor caval return, y then, on the basis of these studies 
would appear to bo small relative to t early m gestatron but to inotcaso gradually 
until finally at term it is equal to e or nearly so 

These esUmatca of y furnish, when apphed to the scheme m figure 1, an esti- 
mate of the quantity of blood traversing the isthmus of the aorta lor these quan- 
tities appear to be equivalent At term the ductus arteriosus and the isthmus 
must both be contnbutmg about the same qunntitaes of blood to the descendmg 
aorta This supposition has further support from Patten and Toulmm’s (42) 
observation that the cross sectional areas of the isthmus and of the ductus are 
nearly equivalent (actually 14 4 and 16J2 sq mm respectively) The pressures 
m the vessels are equal, hence the flow is m all probabihty the same m each 

There are other ways of cstnnatmg the proportion of the postenor caval flow 
foDowmg each route mto the heart and it is to bo hoped that they will be apphed 
to the problem Smeo Upiodol mjected mto tho umbilical vein forms droplets 
that ore carried in the blood, it should be possible radiographically to record, 
as Barclay and his colIeaguesJiave done, the results of such an mjoction and then 
to dotenmne the number of dropleU that followed each route through the heart 
Other thmgs bomg equal the drops should be m proportion to the quantity of 
blood following each path Until some such technique is employed, probably 
no more definite conclusions can be drawn than the estimates amved at above 

0bsttvaUon9 on the relationehip between the guantiUes x and x The estimations 
made above which place y at the end of term equal or nearly so to e, imply that 
the quantiy x~t must be nearly the equivalent of y and of r In other words, 
they imply that at the end of gestation a very large proportion of the output 
of tho right heart is perfusmg tho lungs, a contention advanced by Patten (89) 
on anatomical grounds 

Thu is certainly not true of sheep and goat fetuses during the first two-thirda 
of gestation Tho studies of Huggatt (30) on goats and Bareroft and his coDa- 
borators on sheep (10, 13) have showm qmto conclnaivcly that the amount of 
o-rygen in the blood of the carotid is intermodmto between the oxygen m the bloods 
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of the umbihcal vein and artery (see fig 3) In the sheep fetus until about 
40 days before the end of term the percentage saturation of the carotid blood so 
nearly approaches that of the umbihcal vem and differs so markedly from the 
blood of the umbihcal artery, that after making due allowance for the con- 
tammation of the umbihcal vem blood by the contents of the posterior vena 
cava, there can be httle, if any, further reduction m the left atnum The m- 
ference is of course that x - 2 or the flow through the lungs is very small mdeed 
Therefore, z must be very nearly equal to x dunng this penod and Barcroft’s 
estimate (9) that the ductus artenosus conveys about half of the cardiac output 
to the lower circulation cannot be far wrong 

Dunng the last 40 days of gestation (13) the oxygen content of the carotid 
blood tends to approach that m the umbihcal artery and is very near it m the last 
ten days The oxygenated post-caval blood is apparently diluted to an ever 
mcreasmg degree, durmg this penod, by reduced blood This of course does not 
prove that the mixmg or ddution occurs m the left atrium, merely that the fall 
m the oxygen content of the carotid blood v ould not be mcompatible with an 
mcreased return through the lungs The mixmg might occur as a result of an 
mcreased return through the body circulation mto the postenor vena cava — a 
view favored by Barcroft cl al (13) — or as a result of regurgitation of the nght 
atnal contents mto the left via the postenor caval channel For the latter two 
possibihties there is not a great deal of supportmg evidence 

The view that the muang does take place as a result of an mcreased lung 
flow IS supported by the radiological studies of Barclay el al (4, 5), for a consider- 
able portion of the contrast material mtroduced mto the external jugular vem 
finds its way mto the lungs from the pulmonary aorta (The proportion 
could be determmed for any stage by the use of hpiodal drops as mdicated 
above ) From these studies, too, comes the only mdication we have of the 
circulation time through the lungs of the fetus (8) As judged from the time 
required for radiopaque substances to be earned through the lung capillaries 
from the pulmonary artenes to the left atnum, m quantities sufficient to produce 
a shadow on the film, the average cuculation tune is remarkably short, t e , 

2 7 seconds, and surpnsmgly enough this figure does not appear to alter signif- 
icantly dunng the last forty days of gestation The blood m the lungs of the 
fetal sheep is therefore renewed about twenty tunes a mmute, a surpnsmgly 
high rate 

The volume of the blood m the lungs of the fetal sheep durmg development 
has not been determmed, hence w e have no real idea of the quantity of blood 
mvolved Howwer, the vascular bed of the lung does not make any spectac- 
ular growib m the last ten days of gestation, durmg w'hich, if bom, the fetus will 
sumve, so its size and the amount of blood m it durmg these daj’S must be about 
equivalent to that m the newborn lamb At least this appears to be the case m 
the fetal types m which the blood volume of the lung has been estimated Abel 
and Wmdle (1) ha\e determmed the total iron content and found eqmvalent 
amounts m the lungs of full term kittens before birth and after breathmg The 
mference is that the amount of hemaglobm and hence the amount of blood was 
the same m both circumstances In the human fetus at tefm the lungs have been 
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found to contain 6 per cent of the total blood volume (37) , tie normal amount m 
the adult hmg is usuallj given as between 6 and 7 per cent If any sunilar 
proportion of the total blood volume is present m the hmg of the fetal lamh, 
dormg the last ten days of pregnancy, the amount arculatmg through the 
lungs must he very large mdeed for the estimated Wood volume of the fetus near 
term is between 300 and 360 cc 

Another bit of evidence, also mdirect, mdicatmg the quantity of blood per- 
fiismg the hmga of the fetal lamb near term, comes from the observations of 
Baroroft (9) on the amount of Wood (*) earned by the ductus artenosus The 
ductus from a 144 day fetus, perfused with cold Wood at a pressure of 103 mm. 
Hg at the pulmonary and 68 at the aorbo end, earned 88 co of Wood per nunuto 
This quantity may be less than the ductus would cany m situ, but it is cer- 
tainly of the same order and it is one which is more than a third, probably a 
great deal nearer a half, of the output of the right ventricle per nunuto The 
output of the fetal Iamb heart is probaWy veiy near the same as that of the fetal 
goat, 1 c , 0 12 to 0 18 00 per gram of fetus per nunuto (10) or about 626 cc 
per nunuto for a 3500 gram fetus or about 262 co per nunuto for the right ventri- 
cle Zeigcnspeclc (64), one may recall, estimated that at the end of term half 
of the output of the right heart went through the lungs 

Thus arranged, these data mdicate that early m gestation nearly all of the 
post-cavnl blood enters the left atnum, a very small part is diverted mto the 
nght At this time very httle blood is possmg along the aortic isthmus and the 
dudtus artenosus is canying very nearly the entire output of the nght side of the 
heart Under these cueumstances there is a wide difference between the oxygen 
content of the carotid blood and that m the dorsal aorta, the "crossing” of the 
streams is nearly complete With advancmg development the septum secundum 
gradually shifts to the right relative to the midpomt of the post-caval channel 
As a result of this shift and accompanymg It there is a gradual mcrease m the 
proportion of the poshsmval blood entermg the right atnum Hand m hand with 
this mcrease the proportion of the left vcntncular output travcismg the aortic 
isthmus increases, the flow through the ductus artenosus decreases and that 
through the hmga moreases These changes bnng about a gradual increase m the 
oxygen content of the blood in the nght heart and consequently that of the blood 
travoraing the ductus artenosus and the lung capillanes As the contnbution 
from the postenor cava via the foramen ovale decreases and the lung circulation 
opens up, the oxygen content of the Wood m the loft heart and the carotid gradu- 
al!} fall Contranwiso the oxygen content of the blood in the dorsal aorta m- 
creascB as the contribution from the aortie isthmus grows and that from the 
ductus artenosus dcclmes As a result the oxygen content of the carotid blood 
and that of the doiaal aorta — so different in earl} development — approach each 
other as development advances and ore cqmvalent or nearly so at the end of 
gestation That this is what does happen is indicated by the studies of the 
Wood gases (13, 17) sec figure 3 

The changes tn the paltem of the vascular syslcm ai birth by caesarian section 
The utermo contractions that force the fetus mto the external envaronment 
also serv e to mitiatc the senes of mterdependent stops that result m the produc- 
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of the adult circulation pattern They serve to impede the placental circulation 
and to transfer a large part of the placental blood — 25 to 30 cc per kilogram of 
fetal weight m the case of the lamb (14) and about the same proportion m the hu- 
man i n f a n t (25) — ^to the fetus This transfer and the dechne m the placental cir- 
culation appears to result m the asphyxiation of the fetus and asphyxiation m turn 
m the mitiation of respiration In utero the respnatory center appears to be 
stimulated by COj excess (52), Oj want (10) and through the activity of somatic 
sensory nerves (30, 11, 12) AU of these influences must be brought to bear 
upon the meduUaiy center to an ever mcreasmg degree as the uterme contrac- 
tions mcrease m frequency and force Their relative importance and r61e in 
imtiation of respiration is beyond the scope of this review Important for the 
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Fig 3 A graph baaed upon Bnroroft’s data illustrating the vanations in the oxygen 
content m the umbilical vessels and in the carotid artery of the fetal lamb as development 
advances 

present purpose is that they succeed, for the mitiation of respiration is a sine 
qua non for the changes m the vascular system Lamb fetuses whose meduUae 
are destroyed in utero, or whose cords are sectioned anywhere between C5 and 
the calamus scnptonus, always die with the pattern of the circulation unaltered 
from the fetal tsqie (Barron, unpublished) However, respiratory movements 
alone do not suflSce to produce the change Lamb fetuses killed in utero, after 
executmg respiratory movements, by mjectmg formalin mto the heart always 
have the fetal pattern of circulation (see Barcroft, 10) The respiratory move- 
ments must succeed m ventilatmg the lungs 
The effects of breathmg on the circulation of the fetus have been studied m 
some detail by Hamilton et at (29) m dogs and rabbits and by Barcroft m sheep 
There are mmor differences but the mam features appear to be shared by all 
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three fetal types In dog and rabbit fetuses, before breathing, the aystohc 
pressure is about equal m both ventnolea as is the diastohc pressure in the two 
auricles During early breathing the dlastoho pressure falls m both ventnoles 
and the systoho pressure of the left falls the same distance The systolic pressure 
of the right vontnole, however, drops three or four times as far The pressures 
rise and fall during the heart cycle but at the lower level The heart rate is 
increased The fall of the diastohc pressure in the tiro ventnoles and the sys- 
tolic of the left were attributed by Hamilton clol (29) to the decrease m the mtra 
thoracic pressure which results from the espansion of the thorax The further fall 
m the nght eystohc was attributed to a change m the peripheral resistance in the 
lesser circulation 

In the sheep fetus there is no record of the pressure m the right vontncle but 
the systemlo blood pressure rises 30 or more mm Hg (10) with breathmg, and 
the circulation time m the pulmonaiy circuit falls from 2 7 to 1 4 seconds (8) 
mdicating a decrease m the pulmonary resistance — a decrease that ivould bo 
compatible with a fall m pressure m the pulmonary artery The difference 
m pressure between the pulmonaiy ciromt and the systemic, that is established 
as a result of breathmg, led Hamilton et al (29) to postulate an early closure of 
the ductus artenosus For were it to remain patent, blood would flow along 
the ductus artenosus from the aorta to the pulmonary artery which is the oppo- 
site direction to that of the fetal stream 

The funcHonal efosure of the dudue artmotue This postulate has been sus- 
stantiated for, ns indicated by x ray cme records (4, 5), the ductus artenosus can 
and does close in the lamb withm four minutes alter the placental circulation is 
arrested and the respiratory passages are opened by the removal of a bag placed 
on the nose of the fetus before it was taken from the omniotic fluid of the uterus 
In these four mmutes sir had entered the lungs and outhned the bronchial tree 
m the radiograph. The closure may not always be so abrupt and complete 
The ductus may close, reopen and oscHlate between complete and nearly complete 
closure for fifteen or more mmutes after ventilation of the hinge is established 
The reopenmg of the ductus appears to occur as the animal detenomtes — as 
the respiratory movements grow less successful m oxygenatmg the blood Si 
multaneously the circulation time through the lungs increases In fact there is a 
suggestion that the degree to which the ductus is closed is directly related to the 
pulmonary circulation time (8) Both of these happemngs are probably co> 
related with the decrease m the penpheral resistance in the hmg and hence with 
the fall m the aystohc pressure m the right \entncle 

This prompt functional closure of the ductus artenosus associated with the 
imbation of respiration requues a mechanism that can obhterate the ductus 
suddenly, and if need be to reopen it, in short, the action of a sphincter The 
capacity of the ductus to contract and relax suddenly like a sphmoter has been 
observed directly in full term gumea pig fetuses (10 34) With the chest 
opened, faradic currents apphed directly cause It to narrow abruptly os it does 
if manipulated (16) In the light of these observations and the radiological 
evidence the view that the ductus is a structure whoso functional rOlo diminishes 
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over a relative^ long penod of time coincident nith its anatomical degeneration 
and obliteration is no longer tenable The opmion of Gdrard (28) that the ob- 
literation of the ductus embraces two stages — 1, the physiological occlusion, 
W'hich occurs very shortly after birth, leaiung the ductus patent m all its length 
but preventing the passage of blood, and 2, the anatomical obliteration— 
now appears fully justified 

The ductus functions as a sphmcter and all recent descnptions of its histology 
agree that the walls contam structures associated with sphmcters (49, 22, 34) 
Accordmg to Von Hayek the tumca media is composed almost entirely of muscle 
fibers loosely arranged and coiled about the lumen like a long spnng There is 
an outer layer m w hich the fibers fomung the coil are ver^^ nearly circular The 
fibers of the mner layer tend to be more longitudmally disposed These fiber 
bands are arranged to coil m opposite directions so they cross each other at a near 
right angle The elastic tissue layer is very poorl}’’ developed and m some regions 
completely absent 

The studies thus far re\uew'ed appear to answ er the questions when and how 
the ductus closes, but thej-- have raised qmte another How is the closure timed 
so that the ductus artenosus narrows and remains so only after the ventilation 
of the lungs is estabhshed and j^et may be free to relax agam at times dunng the 
critical stages of the transition from placenta to lung? There appear to be at 
least three mechanisms by which the contraction of the musculature of the ductus 
might be timed and wrought to comcide with the establishment of the ventilation 
of the lungs, t e , nervous action, by blood bom stimuh, and finally mechanical 
forces The first possibiht)’- — that of nervous action — was presented and sup- 
ported with the observations of Barcroft et al (10) They found that stim- 
ulation of the penpheral end of the left vagus m guinea-pig fetuses near term 
produces a blanchmg of the exposed ductus and a slowing of the heart Stimu- 
lation of the right produced no visible effect on the ductus, though it did slow the 
heart Upon these observations the suggestion was advanced that the effect 
of vagal stimulation is a direct one upon the ductus muscle 

That there are nerve endmgs m the ductus of the gmnea-pig fetus has been 
established by Kennedy and Clark (34) but they are not numerous nor are they 
obviously motor m character Boyd (22) has recently studied mtensively the 
neiwe supply to the ductus m a senes of fetal forms, mcludmg the rabbit, pig, 
mouse, cat, dog, rat and human Boyd finds that there are nerve fibers m the 
ductus musculature, which he suggests may be motor m character, but he makes 
no statement as to then ongm I have exammed serial sections of the ducti 
of a large number of sheep embryos and fetuses rangmg between 26 days and 
full term The material had been impregnated by Hanson’s pjnidme silver 
method Known nerve fibers and their endmgs were satisfactorily impregnated 
Sensory endmgs of the “depressor” type were found m the adventitia near the 
aortic end but no fibers were found penetratmg to the muscle layer or termmat- 
mg m motor type endmgs These studies offer httle support for the view that 
the vagal fibers end on, or directly excite, the ductus musculature 

The question Can the ductus be functionally closed by direct nervous action. 
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remEins unanswered , but tbe more important question Is direct nervous action 
essential to bring about the closure of the ductus, appears to draw a negntiic 
answer from the studies of Kennedy and Clark (36) on the gumea pig These 
mvcstigators ha\e apparentlj seiered every known and suspected nerve path 
betiveen tho central nervous system and the ductus Constnction of the ductus, 
despite these operations, followed mflation of tho lungs with oxygen through n 
tracheal mnniiln As a result of their studies on the denervated ductus, Kennedy 
and Clark (36) explored the possibilities that its musculature was stunulatcd by 
blood-borne substances In view of their observation that mflation of the lungs 
with air or oxygen did result in narrowmg of the ductus whereas mflation with 
nitrogen did not, oxj gen appeared as a substance, blood borne, that might be 
effective To test this possibiUty bubbles of pure oxygen were mtroduced mto 
the umbilical vem, a procedure which was promptly followed by the closure 
of the ductus m four fetuses Kermedy and Clark (36) suggest tho possibihty 
that mcroased oxygenation of tho blood may be the effective stimulus, the oxygen 
presumably acting directlj on tho muscle m tho ductus There are, however, 
certam aspects of these expenmenta that leave open tho possibility that tho 
oxygen was actmg not on the ductus but elsewhere, perhaps on the brain 
Oxygen bubbles mtroduced mto the umbilical vem would be taken up by Uie 
blood stream, a part of which, if conditions wore normal, would reach the ductus 
only after bemg diluted by a greater quantity of blood from the superior cava, 
or the other part only after bemg forced through tho upper circulation havmg 
first reached the heart through tho foramen ovale Then, too, there is tie ob- 
jection that the ductus appears to close normally at a tune when the oxygen 
content of tie blood is below w hat it was in ulrro vnth the placental circulation 
intact For example A lamb after birth by caesarian section maj require some 
hours to get its blood 90 per cent saturated with oxygen (17) yet in ulero, before 
the caesarian section was undertaken, its blood may have been saturated to that 
extent (17) In vlero the ductus is open , and it certnmly is closed m lambs before 
the oxjgen content of their blood returns to the mtra uterine level Neverthe- 
less, the inherent plausibihty of the suggestion of Kennedy and Clark and their 
evidence supportmg it are such that it caimot bo sot aside bj these objections 
Their suggestion was put to a further test in tho followmg manner Arrange- 
ments were made to allow warm, whipped sheep’s blood saturated with oxygen, 
to flow mto tie jugubr vein of a full term lamb The lamb was not removed 
from tho uterus, tho neck and vem were exjxised through a narrow slit m its 
wall 'The placental circulation r emain ed mtact After 100 cc of blood had 
entered the jugular, the most direct route to the ductus, 10 per cent formahn 
was mjeeted via the same cannula and the fetus killed Six experiments were 
earned out In no one of the six fetuses was tho ductus found constneted or 
oven perceptiblj narrowed as judged at post mortem (Barron, unpublished) 
Unless the ductus closed and reopened agam w hen tho formahn attacked it, these 
experiments suggest that an mereaso m the oxj gen content of the blood perfusing 
tho ductus IS not sufficient m itself to cause tho contraction of the muscle m its 
walls 
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The possibihty that substances other than oxygen may stimulate the ductus 
musculature does not appear to have been extensively mvestigated Kennedy 
and Clark (35) observed that 1 cc of 1/10,000 adrenahn mjected directly mto the 
fetal heart was followed by the closure of the ductus 3 mmutes and 1 second 
after mjection started 

There remains to be considered the view that the ductus closes mechanically 
There appear to have been some m the past who have regarded the closure of the 
ductus as due to pressure upon it, or to stretchmg or other mechanical forces as 
a result of inflation of the lung and competition for space m the thorax Such 
factors may have a r61e but they can no longer be regarded as essential m view 
of the demonstration of Barcroft et cd (16) and Kennedy and Clark (35) that the 
ductus closes when the chest is open 

But there is yet another mechamcal possibihty, one outhned by Zeigenspeck 
(54), i e , that the musculature of the ductus like that of the umbihcal vessels is 
m a tome state and that the lumen is kept open by the pressure of the blood m it, 
that pressure offsets the tendency of the ductus to contract Any fall m pressure 
m the ductus accordmg to this view would remove the balance of forces and 
permit the ductus to narrow This theory’- does not appear to have been put to 
experimental test but there is some evidence to strengthen its probabihty Ham- 
ilton et al (29) have clearly shown that the systohe pressure m the right ventricle 
does fall as breathmg begins m the rabbit and this fall would appear to be a 
necessary consequence of breathing m any other fetal type A fall m the right 
systohe pressure would reduce the pressure m the ductus Flow from the aorta, 
the region of higher pressure after breathmg is begun, is prevented m the rabbit 
and dog by valve-like folds at the aortic end of the ductus A permanent re- 
duction m pressure is thus established m the ductus which may permit the 
musculature to contract Such a mechanism appears to underly the closure of 
the umbihcal veins Its presence elsewhere would not be surpnsmg 

There is, however, no valve m many forms, for example, the gumea pig (36), 
sheep (Barron, unpublished) and the human (29) at the aortic end of the ductus 
which would prevent blood passmg from the aorta mto the ductus and so mam- 
tainmg the pressure m the lesser circulation or even raismg it, but it has not 
been estabhshed that the pressure does not fall, normally, suflBciently to permit 
the ductus to narrow Certamly this possibihty is an attractive one for it would 
offer a simple explanation for the close correlation between the cahber of the 
ductus and the circulation tune through the lung, and would penmt an under- 
standmg of the failure of the ductus to close m cases of aortic stenosis Agamst 
it there is the observation of Clark and Kennedy (36) that reflation of the lungs 
with nitrogen is not followed by closure of the ductus m the gumea pig, though 
when the lungs are inflated with oxygen it does so The possible effects of 
nitrogen on the heart and on the systohe pressure m the nght ventncle are un- 
known 

In summary, there is at present no satisfactory explanation of the mechanism 
mitiatmg the closure of the ductus One may perhaps be pennitted to surmise 
that the explanation, when it is discovered, will be based on simple hemodynamic 
considerations 
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The functional cloiure of the foramen ocale There IB general agreement that 
the functional closure of the foramen ovale is accomplished by the apposition 
of its valve, the septum prlmum to the septum secundum or mteratnal septum 
(see fig 2) These two structures would appear to be separated when the pres- 
sure on the nght side of the septum pruniun exceeds that on its left and approxi 
mated when the pressures ate equal or reversed No studies of these pressures 
prior to the onset of respiration or the impairment of the placental circulation 
appear to have been made, but so long as a part of the return from the post-caval 
channel enters the left atnum the pressure in that vessel would appear to be 
equal to or to exceed the fiUmg pressure via the lung capillaries A fall, there- 
fore, of the pressure in the post-caval channel or a nse m the fiUmg pressure 
could serve to close the foramen ovale functionally 

A fall m the pressure m the post-caval channel might be brought about by 
increased resistance m the capillaiy bed of the placenta or by constriction of the 
ductus venosus Both changes occur at birth The expansion of the chest and 
the entrance of air mto the lungs may be expected to mcrease the filling pressure 
of the left atnum for thej reduce the pressure against which the right heart 
works — from atmospheric to something between atmospheno and mtrathoracic — 
and the lateral pressure on the lung capillanes by replacmg sohd lung tissue 
with alveolar air 

Just which one of these changes m pressure or combination of them brings 
about the initial closure of the foramen ovale has not been detemuned At a 
normal birth the placental circulation is impaired and the fall of the pressure m 
the postenor cava must precede the ventilation of the lungs But at dehveiy by 
caesarian section the circumstances may be roi'ersed In the one lamb, de- 
hvered and studied radiographically bj Barclaj el al (7), the foramen ovale was 
closed withm four minutes after breathing began, while the ductus arteriosus 
was still patent and before the umbihcnl cord was tied In this case a rise m 
pressure on the left side of the septum pnmum was probably responsible for the 
closure This observation mokes it clear that the functional closure of the fora- 
men occurs suddenly and not slowly over a long period of time as some Investi- 
gators have supposed There is mdueot eiddence to support this conclusion 
Barcroft, Kramer and MiUHcan (18) observed that the blood in the carotid of a 
lamb dehvered by caesarian section can become completelj saturated with oxygen 
five mmutes later if the lamb be given pure oxygen to breathe, a circumstance 
which preludes any appreciable degree of contamination of the blood in the left 
atnum 

The closure of the ductus renosus With the ductus arteriosus and the foramen 
ovale closed the substitution of the lung for the placenta as a source of oijgen 
is completed There remains but the closure of the ductus venosus, the sub- 
stition of the fetal gut for the placenta as n source of nutntion, before the transi- 
tion from the fetal to the adult circulatory pattern is completed 

The closure of the ductus venosus does not appear to havq attracted the interest 
that has centered about its counterpart, the ductus arteriosus Yet its per- 
sistence as a patent channel would result in the adult m a condition similar to 
that attsmed by Eck’s fistula Anatormcal studies (48) (Barron, unpublished) 
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indicate it is closed by the day following birth The only records of its func- 
tional closure are those mentioned above, the radiographic records of Barclay 
ei al (8) In the case they descnbe in greatest detail, the ductus was opening 
and closmg ten mmutes after dehvery by caesarian section, the umbdical cord 
w^as undivided and ventilation of the lungs was prevented by a nose bag put on 
in utero These are not conditions which would appear to permit the closure of 
either the ductus arteriosus or the foramen ovale, m short they appear to resemble 
conditions in utero more than those of free birth There may be room for a 
reasonable doubt that these constrictions m the ductus venosus were a part of the 
activity associated vuth the dehveiy of the fetus from the uterus Never- 
theless there is good reason to suppose that the final closiue at birth is wrought by 
the same mechanism 

In summary, the available evidence mdicates that the ductus artenosus and the 
ductus venosus are closed functionally withm a few mmutes after birth by the 
action of sphmcter muscles appropriately placed It does not permit any con- 
clusion as to how the contraction of these two sphmcters is evoked and timed with 
other aspects of birth Similarly the evidence uCidicates that the closure of the 
foramen ovale may take place abruptlj'’ and immediately after birth but the 
forces responsible for its closure have not been descnbed 
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THE ANTICOAGULANTS EFFECTTV'E IN AWO WITH SPECIAL 
REFERENCE TO HEPARIN AND DICUMAROL' 

AHMAND J QUICK 

DepcrimM of Piarmacoloffy Marqufitc Umrcrtiiy School of Medicine Mtliccvkee 

The successful emplojinent of heparin and dicumorol m the treatment and 
prevention of thrombosis is largely responsible for the present interest m the 
anticoagulants Aside from their ufahtanen potentiaUties, these agents are of 
special significance to the student of physiology smee they furnish important 
clues concemmg the mechanism of the coagulation of the blood It will be the 
purpose of this re\neu to present the chemical and physiological action of the 
principal substances that inhibit the coagulation of blood with only mcidental 
reference to their clinical apphcaticm No extensive historical discussion is 
deemed necessary smee the wnter summanted much of this material m his recent 
monograph (77), and WOhlisch (114), Mason (65), Jorpes (47), Best (0), Pran- 
doni and Wngbt (73) have reviewed both the older and more recent hteraturc 

The normal ANirnmouBiN of the blood It has long been known that 
plasma or serum will mactivate large amounts of thrombm There is no evi- 
dence that this antithrombic substance m blood is an anticoagulant, smee 
Volkert (107, 108), as well as earlier mvestigators, have found that changes m 
its concentration have no demonstrable effect on tbe coagulation time The 
UTiter (77) has postulated that the affinity of thrombin for fibrinogen is greater 
thnn for the plasma antithrombm and as a consequence little thrombm is com- 
bmed and inactivated b> the antithrombm before all the fibrinogen is converted 
tofibnn 

The writer’s observation that the antithrombm resides almost entirely m the 
albumm fraction has been venfied m vanous laboratories (2, 3, 33, 101 116), 
but all attempts to isolate the active constituent have failed WChlisch and 
KChler (117) report that the antithrombic potency of serum albumm can be 
eliminated by extraction with ether or chloroform, and GrOning (39) rocentl> 
stated that a substance posseasmg full antithrombic activnty can be recovered in 
the extract He concluded that the ontlthrombln is not a protom but a fat or 
lipoid closely associated with the protem ITie fact that the potency of the 
extract ts destrojed at 50®C makes one hesitate to accept that it is a simple 
lipoid Until more concrete information is available, it may bo well to contmue 
colling It Albumin X 

Attempts to determine variations in the antithrombm concentration of blood 
arc not new os Astrup and Darling (3) pomt out, but due to unsatisfactory meth- 
ods, most of the earher findings must be regarded os qualitative Astrup and 
Darling (3) have developed a quantitative method which consists m mcubating 

1 Picuomrol is tbe name adopted by Link and his associates and la used throughout 
this rovioK 
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1 cc of thiombin of standard strength wnth varying amount of serum (0 to 0 2 
cc ) at 37°C for 15 mmutes At the end of this time, the clottmg power of the 
mixture is determmed by allowmg 0 1 cc of the mixture to react with 1 cc of 
fibiinogen solution From these data the amount of thrombm consumed can 
be calculated 

With this method Volkert (107, 108) has found that the normal antithrombm 
gradually rose to a maximum m about 14 days after mjectmg soluble proteins 
such as egg albumm and horse serum into rabbits and dogs It appears unlikely 
that this IS an immunological response since a similar increase was observed when 
gelatm, starch and other substances without antigemc properties were injected, 
Avhereas no response occurred v hen corpuscular antigens, such as human eryth- 
rocytes, were gi\en mtravenouslj’’ Curiously, India ink caused a transient 
drop as did In er mjurj'' from chloroform and carbon tetrachloride, while hgation 
of the common duct mcreased the antithrombm Dyckerhoff and Marx (32) 
also haxe found an mcrease of antithrombm m jaundice Wilson (112), employ- 
mg a method essentiallj^ the same m prmciple as that of Astrup and Darlmg but 
differmg m the details of the procedure, has found that the antithrombm content 
of plasmas of man and the common laboratorj' animals shon no stnkmg dif- 
ferences 

The significance of antithrombm m blood is not known WShhsch (115) voices 
the same opinion expressed by the \mter that it probablj senses as a protection 
agamst small amounts of thrombm foimed mtravascularly One of the perplex- 
mg problems is the relation of this normal antithrombm to heparm, which iviU 
be presently discussed 

Heparin Chemistry It is not knonm whether heparm is a smgle sub- 
stance or a group of closely related compounds Jorpes and BergstrSm (50) 
and Charles and Todd (22) agree that heparm contams glucosamme, a uronic 
acid, which has not been satisfactonly identified, and several sulfunc acid groups 
m ester linkage The latter investigators propose the foUowmg formula for 
beef hepann 
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The X mdicates the probable position of the sulfate groups It is not knoivn 
how completely the ammo groups of the glucosammes are acetylated In the 
formation of salts, such as that of banum, the hydrogens of the sulfate groups 
rather than of the carboxyl groups are beheved to be replaced 
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It can be Been that the formula closely resembles mucoitin sulfuno acid Ap- 
parently mmor changes m the molecule which may not be detected chemically 
can markedl} change the biological activity Jaques, Waters and Charles (46) 
hai e found that dog hepann has on activity of 240 units per mgm , beef of 100, 
pork 44, and sheep 23 Ko chemical differences could be detected All con- 
tamed the same percentage of sulfur and nitrogen, and had the same optical 
rotation Jorpes (48, 49) also noted the hi^ activity of dog hepann, but he 
obsen ed variations m the sulfur content Kmsenga and Spaulding (54) recently 
recorded that the banum salt of beef lung hepann contaming 100 units per mgm 
can be separated mto two fractions, one of which has a potenc} of 125 units 
per Tngnri 

Tliese results suggest that hepann may not be a smgle substance with a fixed 
actinty but a mixture of compounds havmg a mucoitm polysulfunc acid struc- 
ture, but diffenng perhaps m the number of sulfunc acid radicals and in other 
chemical groups 

Actum The behavior of hepann in the blood differs from that obsen gd m a 
test tube when alloued to react udth punfied reagents Hepann by itself is uot 
an anticoagulant In a mixture of punfied fibnnogen and thrombm it has al- 
most no mhlbiton action and likeinse it shows no retardmg or blocUng effect 
on the conversion of prothrorabm (precipitated from plasma) to thrombm (74) 
It should also be emphasised that hepann is not neutralised bj thromboplastm, 
a findmg that is repeatedli disregarded even in the current literature 
The key to the phj siological action of hepann appears to bo its stronglj acidic 
property by virtue of which it forms stable salts with man> protems (37) In 
this reaction the physical and chemical properties of the protems such ns iso- 
electnc pomts, solubdity and electrophoretic patterns are altered If the protem 
has oniymatio or other biological activity, one can postulate that hepann may 
influence, i e , mtensif} or inhibit these properties 
Jaques (44) has studied the reaction of hepann on a number of proteins in- 
cluding casern, gelatin, protomme and the dje, tolmdme blue Ho fmmd m 
agreement with Fischer’s earlier postulate that a stoichiometno relationship 
exists between heparin and the protem 

Protein + heparin protem hepann 
or 
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A strongly basic protem such as the protaimne, salmme, will form a heparin salt 
which IB little dissociated, while a compound like gelatin when combined with 
hepann readilj undergoes dissociation Certam factore such ns the pH, vana- 
tions in the anion and cation concentration, and probably the presence of certam 
hpoids maj influence the dissociation of the vanous protem hepann complexes 
The anti-thrombteadim of hepann The coagulation of fibnnogen bj thrombin 
IS prevented bj hepann provided a co-factor is present This latter agent is 
found m the plasma, specifically in the albumm fraction The fact that this co- 
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factor loses its antithrombic activity in conjunction mth heparin when heated 
to 67°C , suggests that it is a protein similar or identical with a fraction of serum 
albuimn (76) Ziff and Chargaff (119) found that all albumin fractions dis- 
played some activity except the crystalhne product Later these authors (21) 
obsenmd that serum albumin separates mto three fractions electrophoretically 
and that the fast and middle fractions are active as heparm co-factors, while the 
slow fraction is not 

One can postulate that heparm mutes uith a fraction of serum albumm, which 
for convemence can be designated Albumm Xi and the resultmg complex, 
Albumin Xi-heparm has the abihty to bmd thrombm and therefore is a true and 
powerful antithrombm Heparm also combmes vith other proteins, for Chargaff 
and his associates (21) ha^ e obtamed evidence that it umtes even ivith plasma 
globuhns When heparm is added to blood, it vtU be distnbuted between the 
various plasma proteins Theoretically, qualitative and quantitative vanations 
in the proteins may influence the anticoagulative effectiveness of heparm, but 
this has received no extensive 8 tud 3 '^ either experimentally or chmcally The 
findmgs of de Takats (102) that the coagulation time response to mjected heparm 
shows marked variations, may perhaps be a manifestation of plasma protem 
alterations 

When a strongly basic protem hke protamme is added to blood made mco- 
agulable with heparin, the antithrombic activitj’’ is immediately lifted (20) 
Presumably the hepann is removed from Albumm Xi and combmes with pro- 
tamme, for the dissociation constant of protamme-hepann is smaller than that 
of the Albumm Xi-hepann complex 

Both the normal antithrombm and the co-factor of hepann are constituents 
of serum albumm, both are inactivated at 67°C and both are absent in crys- 
tallme albumm Quick (76) postulated that the two are identical and that 
when hepann is umted with the normal antithrombm its action is so mtensi- 
fied that it becomes a powerful anticoagulant Seegers and his associates (90, 
92) reached a similar conclusion, namely, that thrombm is destroyed by the 
antithrombm of the plasma and that hepann merely accelerates the speed of 
the reaction but does not increase the capacity of plasma to inactivate throm- 
bm They consider hepann to be essentiallj’- a catalyst On the basis of this 
conclusion Seegers and Smith (91) propose a quantitative method for the assay 
of antithrombm (i e , of the co-factor) 

Astrup and Darhng (2) reject the concept that normal antithrombm and the 
heparm co-factor are identical They state that m punfjmg serum albumm, 
they obtamed fractions that possessed no antithrombic properties but were ac- 
tivated by heparm, and vice versa, fractions that were antithrombic were not 
further activated by hepann The actual experimental procedures are not 
recorded They mention that the co-factor m ox blood is inactivated by heatmg 
at 56°C for 5 mmutes while the antithrombm concentration is not reduced 
Further mvestigation is needed to solve this important problem concermng the 
relationship of antithrombm to the co-factor of heparm 

The anhprothrombtc action of hepann Howell and Holt (41) m descnbmg 
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heparin and ita action reported expenmeats nhich indicated that this agent 
inhibited the coni ersion of prothrombin to throinbm This vien was gonerallj 
accepted imtn it was shown that prothrombin isolated from plasma is readily 
converted to thrombm m the presence of hoparm (06, 74) Bnnkhous and his 
associates (12) confirmed the obsenation that hepaim alone is not an nnti 
prothrombin, but found that m the presence of serum it completel} inhibits the 
conversion of prothrombm to thrombm They conclude that hepann acts only 
m combmation with a plasma factor but from their data, they were unable to saj 
whether the action is antiprothrombic or antithromboplastic (Smce excess 
thromboplastin does not clot plasma made mcoagulable with a mini mal amount 
of hepann, it seems unhkely that hepann plus co-factor constitutes an antithrom- 
boplastm ) They offer no information concemmg the nature of the co-factor 
except that it is not dialj zable Ferguson and Olaiko (35) bj means of a rather 
mvoKied type of reasoning conclude that hepann has a direct action and that 
the first effect is antithromboplastic i e , an mhibitorj action on the tryptase- 
liko thromboplaatic eniyme, whde the second effect is on the prothrombm mole- 
cule In addition to this mtnnsio action of hepann, a co-factor found m crude 
plasma albumm markedly potentiates the anti prothrombic action 

Progress in unravellmg this mtneate problem is contmgent on leammg more 
about the nature of prothrombm and the manner m which it occurs m unaltered 
blood and m decalcified plasma Smce endence has been obtamed that pro- 
thrombm consists of two components combmed with calcium and that removal 
of the latter ion causes a disruption of the prothrombm complex (78), one can 
justifiably question whether the mhibitorj action of heparm m blood is neces- 
sarily the same as In decalcified plasma 

Hepann and plalelete It has been recogniied smce the time of BOrker 
(1904) that all agents that inhibit coagulation also prevent the ngglutmation 
of platelets The action of hepann in stopping the clumpmg of platelets is 
presumably not directly on these cells but is the result of its anticoagulant 
property Baronofskv and Quick (6) found that human blood to which 0 26 
mgm of heparin per cc was added showed no clumpmg of platelets or any dimmu- 
tion m then number The findmg of Copley and Robb (25) that hepann causes 
a decrease of the platelet count both m ntro and m n\o could not bo verified 

The startmg point of a thrombus is a small mass of agglutmated platelets, and 
the prevention of this clumping is probablv the pnmarv action of heparin in 
its prophy laxis against tlirombosis The classical work of Best and his co-w orkers 
(7) who studied platelet agglutination in the living animal hv means of a gloss 
cell (with a transverse scratch on its inner surface) which is connected between 
the carotid artery and the jugular vein, has done much to clarify the concept of 
thrombosis and to place therapy on a scientific basis Interestingly it was 
found that a dose of heparm which immediatelv raised the clotting time of a 
dog to 0 hours, did not prevent the agglutination of platelets (97) To accom- 
plish the btter, large doses (over 300 mgm /kgm of bodv weight) were necessary 
and the effect required 16 to 60 minutes to become manifest It might be stated 
that in niro the action of heparm is immediate 
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Hepann tn peptone and anaphylactic shock In both types of shock three 
things occur a marked dnnmution of platelets, a hberation of histamine and 
an outpounng of hepann mto the blood stream, which may be sufficiently massive 
to bnng about complete mcoagulabihty The author m his monograph at- 
tempted to correlate these three effects and postulated that hepann served as 
a defense agent Unfortunately this speculation nas at best premature and 
has not been borne out by facts At present there is httle evidence to support 
any relationship between platelets, histamme and hepann Histamme when 
mjected does not cause any sigmficant decrease m platelets This observation 
was reported b}"^ Kmselle et al (52) and confirmed m the wnter’s laboratory, 
thus mvahdatmg earher reports to the contrary Hepann does not protect 
rabbits or gumea pigs against anaphylactic shock mduced by horse serum In 
rabbits the only manifestation foUowmg a shockmg dose may be a precipitous 
fall m platelets, without any other gross concomitant signs, and this decrease 
in platelets is not prevented by excessively large doses of hepann The deple- 
tion of platelets is caused by a marked agglutination immediately after the 
shockmg dose followed by a rapid removal of the platelet clumps The 
effect IS on the circulatmg platelets, and is temporarv, smce full restoration in 
number occurs m 30 mmutes (Unpublished results ) Smce hepann does not 
appear to inhibit the agglutmation of platelets m shock but does prevent platelet 
clumpmg due to contact mth a foreign or rough surface, one must question 
whether the tv o types of platelet aggregation are identical 

Dragstedt and his group (31) have reported that hepann inhibits m vitro the 
release of histamme from cells to the plasma brought about bv tiypsm, proteose 
or a specific antigen The amount of hepann needed is higher than that re^ 
quired to prevent coagulation Whether this observation is related to the 
findmg of Landis et al (56) that the vasoconstrictmg effect of defibnnated blood 
can be prevented by heparmizmg blood or plasma is not knomi 
With the actual isolation of hepann from the blood of dogs m anaphylactic 
shock by Jaques and Water (45) it is now certam that this substance is responsible 
for the mcoagulabihty of the blood m peptone and anaphylactic shock As 
further evidence they demonstrated that the hver after shock contamed less 
hepann than the normal liver, and by histological studies followmg Wilander’s 
toluidme-blue stammg reaction they showed damage to the mast cells, which 
contam hepann m the form of metachromatic stammg granules The article 
of Best (6) should be consulted for the n ork on the mast cells and their relation 
to hepann The mechanism and the stimulus responsible for the discharge of 
hepann from the mast cells mto the circulation is stiU an unsolved problem 
The question whether hepann protects against anaphylactic shock remains 
unanswered Recently Macht (64) agam reported success m preventmg ana- 
phylactic shock mth hepann while others mcludmg the wnter (unpublished 
results) and Jaques (44) failed to demonstrate such protection It is possible 
as Jaques states that it may be difficult to reproduce the necessary condition 
to demonstrate this mhibitoi^^ action of hepann , and he suggests that the action 
may be explamed by assummg that hepann imitmg with the sensitizmg protem 
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BO changes the antigenic property that it can no longer eUcit an anaphylactic 
shock 

The standardization of hcpartn Although no unit of hopann potency has 
been officially accepted, the crystalline banum salt of the Connaught Labors 
tones of the Um\ ersitj of Toronto can well sen e as a standard and the proposal 
that the unit be defined as 0 01 mgra of this salt seems desirable Such a unit 
IS about fiN e tunes larger than the original Hon ell umt 
Vanous methods for assainng hepann have been proposed Howell’s method 
consists in determining the amount required to keep 1 cc of cat blood hquid 
for 24 hours under standardised conditions This type of procedure has been 
very useful, but is time-consuming, cumbersome, and subject to vanous errors 
A second method is based on finding the minimum quantity of material neces- 
sary to prevent the coagulation of recalcified oxalated plasma Foster (38) 
and Kuirenga and his co-uorkers (53) have recently descnbed such methods 
Macintosh’s (Cl) method is similar except that he adds an excess of thrombo- 
plastm, thus chmmating v'nnabihty of this factor 
A satisfactory method (77) consists m addmg the hepann to oxalated plasma 
(preferabh human) and then titratmg with mcreasing amounts of a standardised 
thrombm solution, usmg the clot as the end pomt The umt of hepann is ex- 
pressed m terms of its capacitv to neutraUso a fixed amount of thrombm This 
method has the advantages of simplicity and of yieldmg reproducible results 
Jaques and Waters (45) have observed that 1 Omgm of protamme (aalamme) 
noutralisea 1 mgm of hepann m dog blood, and from this finding hav e developed 
a quantitative procedure for titrating the quantity of hepann m the blood during 
anaphv lactic shock 

Macintosh (01) has developed a colonraotno method based on the observa- 
tion that hepann reacts with toluidine blue forming a complex which can be 
removed with petroleum ether while the unchanged dye remains m solution 
The hepann can be calculated from the loss of dy^e Copley and Whitnoy (27) 
have likewise employed toluidme blue as well as Azure A for deterrammg hepann 
colonmetrically Tliev report that 1 umt of hepann (Connaught Laboratory ) 
decolonrcs 16 gamma of 100 per cent toluidme blue dv’e content This umt 
equals 26 4 gamma of toluidme blue Nu-3 or 17^ gamma of Azuro A Naz-7 A 
comparison of the anticoagulant and colorimetric methods shows discrepancies 
which may be attnbuted to inherent errors m both ty^pes of assay 

The urgent need now is not so much a better method for assaymg hepann, 
but procedures to determine the cofactors of hepann Smee plasmas of v anous 
species arc apt to vary m their content of these factors, it is to be emphasized 
that this should be taken mto consideration m the mterpretation of results 
Even differences in thrombm or thrombm bke agents may giv e rise to misleadmg 
results Thus Rigdon and Haymes (83) found that hepann does not inhibit the 
clotting agent, coagulasc, produced bv certain strains of staphylococci This 
docs not mean neccssanly that hepann is ineffective, it may bo duo to the lack 
of a suitable co-factor 

Phystoioffical st^fnificancc Tlio very fact that the organwm possesses a largo 
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store of heparm seems mdisputable e\ idence that it has an important function , 
nevertheless, its role m the body economy has not been found It is still a 
moot question whether normal blood contams any free heparm If it does, 
the amount is too small to be unequivocably demonstrated Certain it is that 
the fluidity of blood can be as comnncingly explamed by h3T3otheses that exclude 
heparm as by those that center about it The purpose of heparm m anaphy- 
lactic shock IS, as already stated, quite obscure To the best of the wnter’s 
knowledge, the hterature contams no record of any mstance m vhich an ab- 
normal amount of heparm has been found m human blood The findmg of 
Macht (64) that heparm lowers the toxicity of ouabam and digitalis suggests 
that it functions as a protective agent, smce these substances are reported to 
mcrease the coagulabihty of the blood 
Excess amounts of heparm m the blood are qmckly reduced A portion of 
the compound is excreted m the urme, as high as 10 to 35 per cent when 200 
umts per kifogram of body weight are mjected mto a dog (26) A large amount 
IS not accounted for, but the recent uork of Jaques (43) mdicates that tissues 
contam an enzyme, heparmase, \\ hich mactivates heparm The prompt removal 
or destruction of heparm has necessitated contmuous mtravenous administra- 
tion when used clmically but Loewe et al (60) have found that a prolonged anti- 
coagulant action can be obtamed by mjectmg subcutaneously heparm mcor- 
porated m a slowly absorbmg medium 
Antithromboplastin Antithromboplastms have been proposed from tune 
to time, but usually received but passmg notice smce the evidence on which the 
existence of such inhibitor!’’ agents was based was usually not convmcmg Dunng 
the past year Tocantins (103, 104) has demonstrated that thromboplastm when 
mcubated with plasma is either destroyed or mactivated In hemophiha 
this mactivation is marked, and he beheves that this accounts for the delayed 
coagulation m this disease He postulates that the thromboplastm is destroyed 
as fast as it IS hberated from the platelets, therefore not enough can accumulate 
to mitiate coagulation In a later pubhcation Tocantins (105) reports results 
which mdicate that the antithromboplastic activity is directed toward the hpid 
moiety of thromboplastm, i e , against cephahn Interestmgly, Russell viper 
venom is not mactivated by the plasma antithromboplastm In some respects, 
protamme when added to plasma acts as the naturally occurrmg inhibitmg agent 
Dicumarol (3,3' methti>ene-bis-(4 htdroxtcotjmarin) The tempo of 
modem science is dramatically illustrated by the solution of the hemorrhagic 
disease caused by spoiled sweet clover hay Two decades after the disease was 
discovered and described by Schofield (88, 89), Link and his associates (17, 
18, 19) not only successfully isolated and identified the compound responsible 
for the hemorrhagic diathesis, but also descnbed a practical method of synthesis 
(98) so that the dmg immediately became available for both experimental and 
clmical purposes The achievement of Link was m no small measure expedited 
first by the pioneer studies of Rodenck (84, 85, 86) who demonstrated that a 
marked drop of prothrombm occurs, and secondly by the mvestigations of the 
wnter (75) who reported the first quantitative studies on the effect of toxic 
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sweet clover hay on the prothrombm level and developed a simple and reliable 
procedure for determnung prothrombin which was adaptable for assaymg the 
hemorrhagio factor m sweet clover hay 

Chtmulry The structure of the toido principle in spoiled sweet clover is 


H H 

0 O 



3,3' methylen6-bia-(4-hydroxycoumarm) 


The compound is a colorless crystallme sohd, relatively insoluble m water, 
acids and m the common immiscible soli'ents With strong alknhes it forms 
soluble salts 'Hie sodium salt solution gels on standmg and slowly turns brown 
probably due to oxidation A high alkalinity is required (<pH 8) to keep 
dicumarol m solution, which is somewhat of a disadvantage for mtravonous 
administration Although the compound is insoluble it is readily absorbed 
from the gaatromtestinal tract and even to some extent when administered 
reotally (69) The compound is optically inactive When fused with potas- 
sium hydroxide, each molecule yields two molecules of sahcyelic acid (98) 

The adton of dtatmarol The work of Roderick m 1931 (85) and of the wnter 
m 1037 (75) established the tact that the principle of toxic sweet clover hay 
reduces the prothrombm of the blood and this has been repeatedly verified since 
dicumarol became available m 1941 Heretofore prothrombm has been con- 
sidered as a smgle substance, but recently the writer (78) has presented evidence 
showmg that this agent is composed of two components (A and B) which are 
hnked through calcium Component A gradually disappeare from stored plasma 
whereas component B is stable It is component B which decreases m dicumarol 
poisoning and it is this factor which also appears to be dinimished m ntamm K 
deficiency This suggests a relationship between dicumarol poisomug and 
avitammoeis K 

The mechanism whereby dicumarol reduces the prothrombm (or more cor- 
rectly component B) of the blood is not fully understood, but all evidence pomla 
to a depression of the synthesis of prothrombm i e causing an mabihty to 
utdite vutaimn K rather than to a direct action on prothrombm This view is 
expressed by Bmgham, Meyer and Pohlo (8) and others (1, 42, 72) Wtts 
'113) pomts out that there is a basic similanty between the structure of 4-methy 1 
1,4 nnphthoqiunone and 4-hydroxy coumann and suggests that dicumarol might 
act by mtorfenng inth the utilization of ntamin K by the hier 

It is not unlikely that dicumarol poisoning is basically similar to carbon 
monoxide intoxication Iscithcr agent causes any demonstrable morphological 
changes Both impair one ntnlly important function without disturbmg the 
other activities of their respcctiic organs Carbon monoxide blocks the oxy- 
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gen carrying power of hemoglobin, but' the other activities of the blood are 
not directly affected, diciunarol mterferes with the synthesis of prothrombm, 
but does not disturb the other functions of the hver In both mtoxications 
function IS restored when the noxious substance is removed, and removal is 
hastened by the agent which the toxm excludes from the cell oxygen m carbon 
monoxide poisonmg and vitamm K m dicumarol mtoxication The most serious 
sequellae m both types of poisonmg come from tissue anoxia, m the one, the 
anoxia is direct, m the other it is secondaiy to extensive hemorrhages and sub- 
sequent anemia 

Quanhtaiwe action of dicumarol on the prothrombin level Few satisfactory 
quantitative studies of the action of dicumarol on the prothrombm level of the 
blood have been reported In most studies only the prothrombm time is given, 
but due to the vanabihty of the procedures for determmmg prothrombm and 
the differences m activity of the thromboplastm employed, it is not possible to 
calculate accurately from these data the changes m prothrombm It is found 
by nearly all workers that after a smgle dose, the prothrombm slowly decreases, 
reaches its lowest pomt usually m 48 to 96 hours and agam becomes normal 
m about a week Bollman and Preston (11) state that 10 mgm of dicumarol 
per kgm of body weight given mtravenously to dogs caused the prothrombm 
to fall to about 15 per cent m three days Overman et al (70) recorded that a 
smgle dose of 2 5 mgm lou ered the prothrombm of a 250 gram rat to 22 per cent 
of normal m 24 hours In another paper Overman and his co-workers (72) 
state that a prothrombm time of 10 mmutes has been mduced m dogs by a smgle 
large dose of dicumarol Such a result must certamly be the exception rather 
than the rule 

The writer (78 and unpublished results) has found that the prothrombm de- 
crease follows a fairly umform pattern m both dogs and rabbits The protbrom- 
bm level falls to approximately 

20 per cent of normal in 24 hours 
5 per cent of normal m 48 hours 
If per cent of normal m 72 hours 
1 per cent of normal m 96 hours 

A cntical minimum dose is necessary to effect these results, but even greatly 
mcreasmg the dose above this vtU not hasten the drop m prothrombm The 
pattern remams the same whether the drug is given orally or mtravenously 
Certam animals are more resistant to dicumarol, a fact which Lmk (17) found 
early m his work The VTiter has made the mterestmg observation that chickens 
are particularly resistant to dicumarol and recover verj' promptly from its effect 

The findmgs are best explamed by the hypothesis that dicumarol inhibits 
the enzymatic mechanism which produces prothrombm The decrease ob‘=erved 
actually represents the body’s consumption or destruction of prothrombm 
As the enzymatic system is freed of the toxm, it gradually regams its capacity 
to sjmthesize prothrombm The beneficial action of vitamm K, which has 
been reported, can be explamed by assuming either that it can replace the toxm. 
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or that the synthesmng cells remaining unaffected can manufacture more pro- 
thrombm when an excess supply of yitamin K is available 

QuanMaim determinalion of prothrombin Smce much of the work on di- 
cumarol depends on the determmation of prothrombm, a cnUcal discussion of 
the one-stage method is mdicated Unfortunately the two-stage method of 
Smith has not been used extensii elj so that comparisons of results obtamed bj 
the two methods cannot be made McGmty and his associates (62) report that 
after giving a dog two doses of dicumarol (14 mgm, per kgm of body weight) 
the prothrombm determmed bj the two-stage method dropped to below 20 
per cent of normal m 48 hours This and their other results agree m general 
with the ivnter’a data obtamed with the one-stage method 

The British mvestigatora have been particularh critical of the one-stage 
method and ha\e condemned it m no uncertam terms Macfarlane (03) writes 
It IS clear that Quick’s test has broken down completelj where the coumarin 
compound is concerned ” Witts (113) is equallj outspoken and he proposes 
changmg the name, “prothrombm time" to ‘ accelerated clottmg time" Most 
of the cnticism centers about the occasional findmg that the coagulation time 
was shorter than the prothrombm tune Such anomalous results have been 
reported by Bmgham et al (8) and by Dandson and MacDonald (29) The 
latter recorded that on one occasion, the prothrombin time was over 1 hour while 
the coagulation time was 171 minutes and the clottmg time of recalcified plasma 
9 min utes In contrast to such results Townsend and Mills (106) record a case 
with a prothrombm tune of 420 seconds and a corresponding coagulation time 
of 39 mmutes , and later of 500 seconds and 60 minutes respectii ely The writer 
has m his unpublished files many similar results, and has never obsen ed a coagu- 
lation time which was shorter than the prothrombm time Butsch and Stewart 
(13) hai e reported a senes of cases with both prothrombm and coagulation tunes 
and m every mstanco the latter was many times more prolonged than the former 
It should be obnous that discordant results can come from faulty technique 
equally ns readily as from basic defects of the procedure Accurate tunmg 
of clot formation becomes difficult when the prothrombin falls below 1 pier cent 
of normal Poor thromboplastm is undoubtedly the cause of much inaccuracy 
The ivntcr has exphcitb described the method for prepiarmg a highly active 
thromboplastm with a remarkable constancy of potenc\ There is no longer 
any valid excuse for reportmg prothrombm data based on thromboplastm which 
does not ydeid a prothrombm time of 12J seconds for human plasma and 6 seconds 
for dog or rabbit plasma Russell vipier lenom which is recommended by Hob- 
son and Witts (40) has not \et been satisfactorily standardiied for the quantita- 
tive estimation of prothrombin Particularly confusmg is the fact that the 
activity of the lenom is markedly jiotentiated by lecithm It is difficult to 
detennmo from the literature whether the venom should be used with or with- 
out lecithin In the test and how the results should be interpreted 
There is no evidence that Link s modification (17) of the original one-stage 
method, which is essentially runnmg the prothrombm time on plasma diluted 
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With 7 volumes of salme solution is more accurate The claim is made that it 
IS more sensitive to small changes of prothrombm, but smce the range m which 
the greatest accuracy is usually desired especially for chmcal purposes is below 
20 per cent of normal, mcreasmg the prothrombm time by dilution offers no 
adyantage, and is actually imdesirable for low prothrombm values 
The best evidence for the rehabilitj’^ of the one-stage method is the finding 
that when a dicumarmized animal is given a transfusion of normal blood, the 
calculated expected rise of prothrombm and the actual increase found agree 
remarkably well This experiment is routinely demonstrated to our students 
Viiamin K and diciimarol The studies of the action of vitamm K on the 
hypoprothrombmemia induced by dicumarol are difficult to evaluate The 
ivnter m 1937 (75) believed he had evidence that alfalfa m the diet of rabbits 
counteracted the action of toxic sweet clover, but Simth (96) failed to find that 
this material had any protective action Campbell et al (17) hkenose found 
that 2-methyl 1,4-naphthoqumone or natural vitamm K did not prevent the 
reduction of prothrombm by toxic sweet clover Bmgham and Meyer with 
Pohle (8) and later rath Axelrod (67) found that the h 3 TJoprothrombmemm 
was not influenced by s 3 Tithetic vitaimn K Allen, Barker and Waugh (1) 
as well as Wnght and Prandom (118) and Lehmann (57) reported similar ob- 
servations BoUman and Preston (11) noted that dogs when fasted were more 
susceptible to dicumarol, but this disappeared when vitamm K was admmistered 
Both Lehmann (58) and Townsend and Mills (106) have reported satisfactory 
clmical responses from transfusions plus vitamm K m severe hemorrhagic 
conditions produced by dicumarol, but the prothrombm level was not followed 
accurately enough to allow mterpretation of these results 
Kmg and his associates (51) presented findmgs which suggested some antag- 
onism of alfalfa to dicumarol Overman and his co-workers (70) reported that 
rats on a diet free of ntamm K showed the maximum susceptibihty to dicumarol 
All forms of vitamm K, natural as w'ell as synthetic, counteracted the hypopro- 
thrombmemia, and the authors express the opmion that the mam effect is a 
stimulation of the recovery process A few months later these w^orkers (71) 
published further data substantiatmg the antagomstic action of alfalfa on the 
effect of smgle small doses of dicumarol They made the mterestmg observa- 
tion that menadione and I ascorbic acids when fed at high levels successfully 
coimteracted small smgle doses (2 5 to 5 mgm ) of dicumarol m rabbits Menad- 
ione by itself was effective, and m some rabbits even I ascorbic acid alone was 
antagomstic to the toxic sweet clover agent In all these experiments a smgle 
small dose of dicumarol was administered Shapiro and his associates (93) 
usmg the same techmque have verified the above findmg Davidson and Mac- 
Donald (29) found no antidotal action of synthetic vitamm K to dicumarol, 
but later (30) reported that vitamm Ki oxide m large doses (as high as 250 mgm ) 
prevented or reversed the hypoprothrombmemia produced by dicumarol m 
humans, but also m these expenments only a smgle dose of dicumarol was given 
It seems fairly well established that by rather drastic methods, some antagonism 
of vitamm K to the action of dicumarol on prothrombm can be demonstrated. 
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but other factors probablj plaj a part More information and study are needed 
before definite conclusions can be dra^vn 

Tmnsfutxon and proihrombin respontf The writer (75) m his earl> studies 
recorded a sharp but transient neo of prothrombin m dicumannited rabbits 
after a transfusion of fresh blood This obsei^ation has been repeatedly con- 
firmed In View of the recent finding that prothrombin is composed of two com 
ponenta and that factor A disappears when plasma is stored while factor B is 
dimhushed m dicunmrol poisoning, the use of ‘Tianked” plasma should be equally 
as effectivo as fresh blood Cahan (16) in one case has obtained an effective 
response from titrated banked blood whereas Wngbt and Pnmdoni (118) found it 
meffective m one case Obviously more study is required before any conclusions 
can be drawn especially since it has even been reported that transfusions with 
fresh blood wero meffcctivc m some patients (111) McGmty and co-workers 
(62) have obtamed promismg results with the mtravenous injection of purified 
prothrombm for correctmg the depletion of this agent from dicumarol poisonmg 

Effect of dtatmarol on the liver Other than depressing the prothrombm, 
which is Bjmthesired m the h\ er, dicumarol appears to exert no other deleterious 
effect on this organ Animals can be repeatedly subjected to courses of dicumarol 
poisonmg without sustaining Uver mjuiy as link and others have repeatedly 
observed On autopsy such animals are found to have livers which are entirely 
normal (8, 11, 15) Laver function tests hkewnsc shoTv no impairment of the 
organ (1, 14, 29, 118) Even after administering dicumarol continuously for 
92 dal's to a patient, no detectable changes in liver function were observed bj 
Bingham and his co-workers (9) 

Accordmg to Rose Hams and Chen (87) central necrosis of the liver is fairly 
common m rats after subjecting them to repeated doses of dicumarol Similar 
lesions were also occaaianally observed m mice and rabbits Richards and 
Corteh (81) also noted fattv mfiUration of the hver and scattered areas of ne- 
crosis In guinea pigs the hvers were not unlike those observed m vitamin C 
deficiency Smee man> of these animals had an advanced anemia, it seems 
rather probable tliat the hvor damage seen might hav*e been due to anoxia 
rather than to the direct result of the drug It is a characteristic finding clmically 
that patients rarelj show anj untoward symptoms except hemorrhage (4) 
In animals that receive lethal doses (40 mgm or more per kgm of body wei^t 
given mtravenousl> ) a dark and congested liver was found (109) but such doses 
are nev'er given chmcally 

Factors ti\flucnang the action of dicumarol It has already been stated that 
certain animals are more resistant to dicumarol than others Whether normal 
men differ in their susceplibUitj is not known, since all reported studies have 
been made on patients Wnght and Prandoni (118) found that ago and sex 
had no influence, and that no significant correlation existed between raalnutri 
tion and the frequency of toxic reactions Butsch and Stewart (14), however, 
record that dehihtated and cachectic patients had a more prolonged and a greater 
elevation of the prothrombm time than did the average patient 

To what extent impaired liver function influences tlie toxicitv of dicumarol 
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IS not definitely known Shapiro and his associates (94) noted that patients 
with cirrhosis showed a decrease of prothrombin when given 50 mgm of dicumarol, 
whereas patients vathout hver dysfunction showed no effect from such a small 
dose Likewise rats given a hepatotoxm such as carbon tetrachloride were found 
by Richards and Steggerda (82) to have an mcreased response to dicumarol In 
bilaterally nephrectonuzed rats, the prothrombm after a smgle dose of dicumarol 
contmued to drop until death (82) whereas m a normal rat the prothrombm 
begms to nse after the second day This experiment illustrates the importance 
of the kidney m ehmmatmg the toxic prmciple from the body After anesthetic 
doses of chloroform, pentobarbital and pentothal, the prothrombm response to 
dicumarol is not materially different from that of unanesthetized rats (94) 

Most mteresting are the findmgs of Field et al (36) that lactatmg rats are 
unusually resistant to the action of dicumarol and that this protective penofi 
lasts throughout lactation even when abnormally prolonged Perhaps the 
observation that cows fed toxic sweet clover hay may survive partuntion, whereas 
the newborn calf dies of hemorrhage may be accounted for on the basis of Field’s 
findmgs Fever experimentally produced in rats caused a heightened suscepti- 
bihty to dicumarol accordmg to Richards (80) The climcal imphcations of 
these findings are obvious It ivould be mterestmg to see whether a high m- 
take of ascorbic acid can counteract the anunal’s mcreased sensitivity to the 
drug dunng fever Smce the hypoprothrombmemia due to dicumarol is m- 
creased m scurvy both m extent and duration (101a) any condition causmg 
an abnormal consumption of vitamm C is apt to exaggerate the effect 
of dicumarol 

Dicumarol and capillary fragility Bmghara, Meyer and Pohle (8) stressed 
that dicumarol causes mde'spread vascular dilatation of the viscera of dogs 
especially after massive doses BoUman and Preston (11) report sumlar find- 
ings aftei large doses (100 mgm per kgm of body weight), and Dale and Jaques 
(28) hkewise state that thej have confirmed the result of Bmgham et al Cahan 
(16) has descnbed a case of purpura foUowmg dicumarol (100 mgm daily for 32 
days) A bleedmg tune of 13 mmutes ivas found, but clot retraction was normal, 
mdicating that the platelets were not mvolved Usually the bleedmg time is 
not prolonged even when the coagulation tune is greatly delayed (1, 29, 65) 
Wnght and Prandoni (118) emphasize that they could detect no mcrease m 
capillary fragility even m frank hemorrhagic cases T\Tiy there should be such 
a discrepancy m results is difficult to understand, but cunously even the reports 
on as simple a procedure as the sedimentation rate are confusmg Allen et al 
(1) state that the sedimentation rate is routmely mcreased while Wnght and 
Prandoni (118) find no such change 

Dicumarol in the prevcniion of thrombosis The pnmary objective of much 
of the w ork, on dicumarol is its utihzation for the prevention of thrombosis 
The WTiter m his studies of 1936 observed that heart puncture m rabbits whose 
prothrombm w as reduced to less than 10 per cent mvariably caused death due to 
hemopencardium This mdicated a loss of the organism’s abihty to form a 
thrombus to seal the mural puncture Specific experimental proof that throm- 
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bus fonnation is inhibited by dicumarol was furnished by Dale and Jaques (28) 
who used the technique already referred to under the section of heparin (7) 
Bichards and Cortell (81) likewise found that dicumarol reduced the tendency 
of thrombosis followmg the injection of ethanolamme oleate mto the penpheral 
\em8 of dogs Bollman and Preston (11) have also noted the abihty of dicumarol 
to prevent mtravascular clottmg and have utilixed this finding for preparmg 
animals to be used m physiological expenments that require non-coagulable 
blood 

Essentially the inhibition of platelet agglutination is the primary step in 
the prevention of thrombosia When the prothrombin is reduced to a low le\ el, 
and the coagulation is greatly delaj’ed, platelet clumpmg no longer occurs as 
Dale and Jaques (28) have conxincrngly demonstrated Baronofakj and Quick 
(6) found that no agj^tmation m vitro of rabbit blood occurred after the co- 
agulation time was prolonged bi dicumarol, and that an accurate platelet count 
could be made without usmg any additional anticoagulant Ob\'iously one 
of the essential needs for the rational use of dicumarol climcall> is an e.\act 
studj correlatmg the coagulation time and the le\el of prothrombm mth the 
inhibition of platelet agglutination 

as the cause of hypoproihromhxnemia Link and his associates 
(69) noted that rats on a Mtarain K poor diet nhen gi\cn salicjlates either 
oralh or mtraicnousb de\elopcd a hypoprothrombmcmia uhich could be com 
pletely prevented or counteracted by giving the anunal synthetic vitamin K 
Dogs and rabbits were found to be much more resistant to the action of saliC} 1 
ates, but after liver injurj mth chloroform a reduction of prothrombin could 
be effected with this drug Rapoport and his associates (79) independently 
also discovered this action of salicjlates and shoived that not only animals, 
but also children could develop a low prothrombm due to large doses of sodium 
sahcilato or acetj kahcylic acid Mej'er and Houurd (68) obsened that rela 
ti\elj small doses of salicjlates produced demonstrable hj'poprothrombmcmm, 
and m agreement uith Lmk found that vitamm K prevented this effect Further 
confinnatojy eMdcnce concerning the decrease of prothrombm from sahcylates 
has come from Shapiro and his group (95) They record the mterestmg findmg 
that dicumarol and salicjlates complement each others action In cirrhosia 
the action of salicj lates is more pronounced It seems that the consensus of 
opinion of all these workers is that the action of the salicjlates is essentiallj 
the same ns that of dicumarol but Is less powerful 
Little work has been done on the correlation of structure and the ph^'Blologlcal 
action of drugs depressing prothrombm acUvitj Fnntl (34) has found that 
3 metliyl 4-hjdran coumann and mcthjIcne-bis-(-dmiethjldihydroxyre- 
sonnnol) is inactive, but that the homolog of dicumarol 3,3' ethjhdcne bis 
(4-hydroxj -coumann) has the property of producmg hj'poprothrorabmcmia which 
IS hovN-over less sov ere and shorter in duration 
The action of sulfogunnidmc in reducing the prothrombm level of the blood 
presents a number of important aspects (10) ^^tanun K restores the prothrom 
bin concentration but has no effect in reversing the growth inhibition, p-amino- 
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benzoic acid as well as liver extract restores both growth and the prothrombin 
level The most obvious explanation is that sulfaguamdme inhibits bacterial 
activity on which the rat depends for at least part of its vitamm K requirement 
Smce p-hmmobenzoic acid is also effective when given parenterally, the simple 
explanation does not appear adequate as pomted out by the authors Collins 
and Hoffmann (23) report a hemorrhagic diathesis m a case of sprue m which 
succmylsulfathiazol produced a severe h 3 q)oprothrombmemia Recently Wa- 
kim, and his associates (110) demonstrated that cecectomized rats on a vitamm 
K-free diet when given succmylsulfathiazol mvanably developed a severe hypo- 
prothrombmemia, which m many terminated with hemorrhage Normal rats 
on the same diet and vith the same quantity of the drug only occasionally 
showed a reduction of prothrombm Obviously the sulfonamides per sc have no 
demonstrable action on prothrombm, but the members of the group which 
specifically act against mtestmal infection can cause a lowered prothrombm, 
probably by suppressmg bacterial activity and thereby reducmg the S3Tithesis 
of vitamin K The prothrombmopema is therefore due to lack of this vitamm 

BUMMAKT 

The normal antithrombm of the blood is closely associated with the albumm 
fraction It does not inhibit or retard coagulation, but merely inactivates 
thrombm Quantitative methods have been developed for its determination, 
but the significance of its vanation m the blood remains obscure 

Hepann, the natural physiological anticoagulant, is a compound closely re- 
lated to mucoitm polysulfuric acid Due to its strongly acidic character, it 
forms complexes vith vanoas proteins and other biolopcal compounds Hepann 
per se is not an antithrombm, but mth a co-factor present m serum albumm 
forms a strong thrombm-mactivatmg complex Hepann m inhibitmg the 
conversion of prothrombm to thrombm hkeivise requires a co-factor which is 
present m the plasma Hepann prevents the agglutmation of platelets, prob- 
ably by virtue of its anticoagulant action The function of hepann m the body 
has not been determmed It is hberated durmg anaphylactic and peptone shock, 
but the mechanism whereby this is brought about is still obscure and the purpose 
of this physiological response has not been ascertamed 

Antithromboplastm has been demonstrated m the blood, and evidence has 
been found that it is abnormally mcreased m hemophihc blood 

Dicumarol is the toxic prmciple isolated from spoiled sweet clover hay It is 
a coumann denvative which had not hitherto been known to occur m plants 
When dicumarol is admmistered orally or mtravenously to man or animals, it 
causes a gradual but severe decrease of the prothrombm of the blood (or more 
accurately of component B of prothrombm) Several daj’s are required for the 
production of its full effect, and recovery is equally slow Evidence is accumu- 
latmg which suggests that vitamm K has some antagonistic action agamst di- 
cumarol The hypoprothrombmemia produced by the drug can be temporarily 
alleviated by transfusion Dicumarol appears to have no toxic action other than 
depressmg the prothrombin e'tcept m excessive dosage It is probable that some 
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of the pathological findings in fatal cases of dicumarol poisoning can be attributed 
to tissue anoxia due to the severe anemia after excessive hemorrhage 
SaUcylates especially vshen given to animals on a low vitamm K diet depress 
the prothrombin of the blood but to a much smaller degree than dicumarol 
Sulfaguamdme and succmylsiilfathiasol also cause a hypoprothrombmemia, but 
the action appears to be due to a depression of the synthesis of vitamm K by the 
bacteria of the mtestmes and not to a direct action on the synthesis of pro- 
thrombin 
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THE HYPERPNEA OF AfUSCULAR EXERCISE 
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The history of respiratory physiology for the last 00 yeara has been a suc- 
cession of attempts to cxplam all deviations from normal respiration by one 
theory, whether it be regulation by oxygon content of the arterial blood (133), 
by alveolar or arterial COj tension (71), bj artenal blood pH (101), (79) or by 
acidity of the mtenor of the cells of the respiratory center itself (01) But no 
one theory yet offered can account for all or even a large part of the hyperpnea 
of muscular exercise, and each of these theories has failed to gam general accept- 
ance because of its mabflity to explam this most common and most poirerful 
of all respiratory adjustments Of one thing, hon*e\er, there can now be little 
doubt, namelj , that the action of known chemical substances dirccU> upon the 
respiratory center can no longer be regarded as the most important feature m 
the control of respiration (141 ) This seemingly drastic conclusion has resulted 
from several factors, one of which w'as the bnUlant discovery of the pressure 
receptors m the carotid sinus and aortic arch and of the chemoreceptors in the 
carotid and aortic bodies (83) This led to the reahiation that ednee reflexes 
had been demonstrated clearly to assume a share of respiratory control former!} 
accredited to the action of chemical substances upon the respirator} center, 
then other anomalies of respiration prc\nous]y classified as * exceptions to the 
rule ' might also be duo to reflex factors As a result of the new outlook, suffi 
cicnt experimental work has accumulated m the past decode to ^varrant an e\en 
more revolutionan statement Control of respiration by COj appears to be lim- 
ited to man at rest or performing mild exercise (and to such laboratory experi- 
ments ns voluntary h}T>er\entilation and inhalation of COj mixtures), under 
all other conditions, increased ventilation is caused by factors other than COj, 
and while these ma^ be \anod, usuall} tho} arc of reflex ongm ^Vn mquiry 
into the causes of the hyperpnea of muscular exercise will document this state- 
ment for this h}T>crpnea entails the interaction of practically all the factors 
known to mfluence respiration, both central and reflex 

This review will attempt to evaluate the importance of each of these factors 
and to estimate tho contribution of each to tho total hyjierpnca of exertion 
1 Tne EFFECT UPON HESriRATION OF METADOLITES FORMFD nURlNO EXER 

ciBE A The aciton of COs “If ever there was a convicUon firmly entrenched 
in ph}Tnology, it was the monopoly of the chemical control of breathing by tho 
rcspiratoo center Based as it was upon circumstantial evidence, it proved 
to be one of physiolog} s outstandmg creeds Central stimulation was simpl} 
taken for granted Indirect cvndcncc was accepted os direct proof Statements 
going imchallcngcd were ev cntuolly accepted as facts * (62) 

This creed was firmly established b} tho bnlhant work of Haldane (72) who 
demonstrated beyond doubt that CO* is n powerful rospuatory stimulant and 
that the normal respirator} center is exquisite!} sensitive to changes in alveolar 

iio 
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or artenal CO 2 tension This has been amply confirmed by many mvestigators 
Campbell, Douglas and Hobson (31) showed that a 2 mm increase m alveolar 
COj tension led to a ventilation mcrease of 10 hters per mm , Douglas and Blavard 
(54) demonstrated an mcreased respiration of 32 hters per min ute with an m- 
crease of only 5 6 mm m alveolar COi tension, Barcroft and Margana (7) ob- 
tamed a maximum ventilation of 71 hters per mmute upon inhalation of 7 5 per 
cent CO 2 

It was only logical to consider that the hyperpnea of exercise might be due to 
the mcreased CO 2 produced by the actively workmg muscles with donsequent 
stimulation of the respiratory center Indeed Haldane found an mcrease in 
alveolar PCO 2 m mild exertion and this has been confirmed by Hough (90) 
However an overwhelmmg amount of evidence now exists to mdicate that al- 
veolar or artenal PCO 2 does not play an important r61e For example, Barcroft 
and Margana (7) showed that while severe muscular exercise mcreased ventila- 
tion to as much as 115 hters per mmute, the maximum hjqierpnea oh tamable 
with mhaled CO 2 m the same subject was only 71 hters per mmute, this has 
been confirmed by Nielsen (119) and mdicates that some factor or factors m 
addition to CO 2 must operate to produce a ventilation almost double that possible 
mth CO 2 

Furthermore qmte early it became manifest that there was no positive cor- 
relation between alveolar or artenal PCO 2 and ventilation durmg exercise 
Hough (90) show ed that while alveolar PCO 2 was elevated dunng mild exercise, 
it usually returned to normal with more severe exercise This has been con- 
firmed by Hamson and co-workers (76) and by Krogh and Lmdhard (99) In 
severe muscular exertion, the alveolar and artenal PCO 2 are mvanably reduced 
below normal by 1 to 13 5 mm (90, 103, 50, 26, 45, 14, 41) It must be con- 
cluded o, that under no circumstances can the maximal hyperpnea of exertion 
be due to CO 2 alone, and b, smce the PCO 2 is rarely above normal m moderate 
exercise and never above normal m strehuous exertion, the r61e of CO 2 must 
be a inmor one himted to mdd muscular movements However, the marked 
mcrease m metabohc CO 2 does prevent too great a fall m artenal pCOt and thus 
provides a favorable environment for the optimal functionmg of the respiratory 
center, this appears to be a matter of great importance and will be alluded to 
later 

B The action of lactic acid Noting the lack of correlation between ventilation 
and alveolar PCO 2 , Wmterstem (161) and Hasselbalch (79) proposed a modifica- 
tion to Haldane’s origmal concept to the effect that arterial pH rather than 
PCO 2 vas the effective regulator of respiration Campbell et al (30, 31) calcu- 
lated that the respiratory center was so axquisitely sensitive to artenal pH that 
it responded to changes beyond the hmits of existmg methods for the detection 
of pH, a 100 per cent increase in respiration volume vas postulated for each 
decrease m pH of 0 013 unit Despite the fact that respiration was shown to 
mcrease m the face of decreased artenal acidity (61) as m anoxemia (27), hemor- 
rhage (5), anemia (13), fever (70, 68), cardiac decompensation (58), mtravenous 
bicarbonate injection (36), and despite Scott’s demonstration of a very low sensi- 
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thaty of the respiratory center pH changes (144), the Wmtcretein-Hasfielbalch 
hjiiothcsis was accepted by most phj’aolc^te It appeared to offer the best 
explanation for the hvpcrpnea of muscular exercise for, following Ryffel's dis- 
covciy of the formation of lactic acid b\ contractmg muscles and ita frequent 
KpOI-over into the blood stream (134), it was logical to assume that the increased 
acidity of the blood could pro\ndo the stimulus to the center when the arterial 
pCOi had fallen boloM normal There is ample confirmation of the fact that 
high levels of blood lactate* ma\ be found folloiving severe exercise (86) and that 
blood pH may be reduced niarkcdl> (103, 166, 16) Lactic acid is formed when 
there Is a disproportion Ixitucon the intcnsitj of the muscular work and the 
oxjgcn supply to the muscles, it is formed therefore not only durmg severe 
muscular exercise m a normal mdividual but also when rmlder muscular WTirk 
is performed durmg arterial occlusion or dunng systemic anoxia Static effort, 
m which the circulation to the acti\c muscles may not increase m proportion 
to the effort in\oh’cd, probably represents another example of anaerobic work, 
though this 18 disputed by Rein and Talbott (131) 

Howe\cr, it has been demonstrated by a number of mvestlgators (42, 111, 
112 118, 40, 123, 25, 73) that blood lactate does not nso during mild exercise 
as bohe\ ed formerly (85, 106), and does not necessarily nsc with moderate exercise 
though oxygen consumption or respiration is mcreojsed 3-4 fold An initial m 
crease m blood lactate of exercising athletes ivas found by Bang (6) this was 
not sustained and returned to a normal lei el though the work and the hyperpnea 
contmued unabated The seventy and duration of exercise required for spill 
over of lactic acid into the blood ^ anes with the individual (probably depending 
m part upon training) but at any rate respiration may be increased markedly 
dunng exercise with no significant deviations from the normal arterial pH or 
pCOj (Homson et ol 75, Nielsen, 120) Bock et ol (26) found that De Mar 
(the famous marathon runner) on one occasion had a ventilation of 90 7 liters 
per minute with onl> on insignificant change m lactate and a decrease m artcnal 
pCOj In addition there is considerable evidence that, when lactate does in 
crease in the blood and pH decreases, there is httlo or no correlation betwreen 
minute volume of respiration and arterial pH It has been shown that immedi 
ately after severe exercise blood lactate may be mcreasing (86) and blood pH 
deercasmg (16) while respiration is decreasmg abruptly Barr (10) measured 
arterial pH and respiratorj mmuto volume dunng and immediately after 6c\ ere 
exercise In one instance pH was 7 13 durmg exercise when ventilation was 
00 hters per minute, while after exercise the ortenal blood w'aa even more acid 
(pH 7 09) though \cntilation had fallen to 31 7 hters per mmuto In a second 
subject, the artcnal pH dunng and after exercise was practically the same (7 20, 
7j21) while the corresponding volumes of respiration were 61 and 14 6 hters 

^ High blood lactate doet not neccatanly indicate a decrease in blood pll since lactic 
acid reacts with BHCXDt in the blood to form B lactate with the liberation of CO, (Blood 
proteins also release some base thus aiding in buffering tbe lactic and (1A5) ) On the other 
hand a decreased blood pH doe to exercise is usually assocloted with a high level of blood 
lactate though unidentified acids could be present 
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Barman et al (9) have presented curves for blood lactate and ventilation m the 
post exercise penod showmg poor correlation between the two, lactate remammg 
high at a tune when respuation had returned toward normal Bock et al (25) 
-observ.’^ed m two exercismg subjects who had approximately the same ventilation 
(45 and 48 liters per mmute) that the decreases m pH were markedly different 
(0 02 and 0 15 lespectively) 

It seems to be w ell established therefore that the hjT3erpnea of muscular exer- 
cise IS not necessarilj due to a decrease m arterial pH It is a much more difficult 
matter to assess the proportion of the total hj'perpnea which may be attributed 
to changes m arterial blood acidity w hen the latter occur This question can 
be approached best by obseiwung the degree of h^'perpnea that occurs when 
similar changes m pH occur m the absence of muscular activity Unfortunately 
ver 3 '^ few measurements have been made of respiratory mmute volume in clinical 
conditions associated wnth a fall m pH, such as diabetic or nephritic acidosis, 
and those results that have been recorded are not consistent, cases of equal 
seventy have been reported wuth pulmonarj’^ ventilations as low as 10 6 (113) 
and 114 (98), and as high as 55 (114) liters per nun This suggests that 
many comphcatmg factors, such as fever, heart failure, pneumonia or penpheral 
circulatory fadure, may be present in very ill patients and so prevent a clean cut 
analysis Consequently mvestigators have produced a fall m arterial pH ex- 
perimentally by the mgestion of amraomum chloride m restmg healthy men 
and have come to the conclusion that the respiratory mechanism is relatively 
insensitive to pH changes Harrison et al found an mcrease of only 0 1 liter 
per mmute associated with a pH drop of 0 07, Nielsen (120) found a rise of 
0 7 liter per mmute associated with a fall m pH of 0 08 umt, and Denmg et al 
(49) observed an mcrease of 3 1 liters per mmute with a drop of 0 2 pH unit 

Results such as these have led some to doubt that acidity, either of the artenal 
blood or of the cells of the respiratory'^ center, is the characteristic stimulus to 
respiration as suggested by Gesell (61) There is now available acceptable 
endence to show that the true stimulus is not acidity but COj as ongmally 
proposed by Haldane and Pnestley m 1906 (71) While it w^as thought for many 
years that COj acted only by reason of its acidity (its special virtue bemg the 
rapidity with w'hich it diffuses through tissues (92)) it now seems more hkely 
that it acts specifically The evidence is as folio w's Hooker, Wdson and Connett 
(88) perfused the medullary centers of dogs ivith tw'o tjqies of blood, one made 
acid by the addition of 6 per cent CO 2 and the other made equally acid by the 
addition of HCl, marked mcreases m respiratory volume, as much as 3069 per 
cent, following perfusion of the COj-blood while the maximum mcrease following 
perfusion of the HCl-blood of the same pH w'as 128 per cent Smce it may be 
objected that a certam level of CO 2 is necessary for the imtiation of respiratory 
movements, and that the pCOj must have been very low m the HCl-blood, these 
experiments cannot be regarded as conclusive How^ever more recently evidence 
of a different type but leadmg to the same conclusion has been obtamed Niel- 
sen (120) workmg with a normal human subject obtained an mcrease m respira- 
tion of 10 liters per mmute by COj mhalation with a fall in artenal pH of 0 03 
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unit, while respiration mcrcased onlj 0 7 liter per minute followmg long continued 
ammonium chloride mgestion ^ith a pH drop of more than twice this raagmtude 
(0 08 unit) In thus connection the oiqieriments of Comroc arc of interest, 
he injected aolutions directlj mto the medulla of cats ivith a microtechnique 
utninng the Horalcj Clarke apparatus and demonstrated that the cellfl of the 
respiratory center frequonllj could be stimulated b> bicarbonate buffere but 
rarely bj injections of lactic or hvdrochlonc acids (38) 

IVhile these experiments indicate that CO» and not aciditj is the natural 
stimulus to tlic respiraton center, tho^ obnoualj do not mean that increased 
aciditv does not stimulate respiration at all Regardless of the controversial 
question as to whether aciditj constitutes a strong, moderate or weak stimulus 
at the center it can stimulate respiration powerfully through reflexes aroused 
m the carotid bodies (see p 327) A compromise view which Is m agreement 
\nth the few observations reported, would be that small changes in aciditv 
stunulatc only w eaklv w hlle large changes (0^ to 0 4 unit) may produce pow erful 
respiratory stimulation Many more well controlled observations of respiratory 
minute volume and arterial pH (over the whole range compatible with life) 
should be obtained on othcrwiso normal subjects m order to settle this pomt 
In vdew of the deeply rooted conviction among phyBiologists that acidity and 
respiration ore closely correlated, it is omanng to sec how few measurements 
have actually been made 

C Effect of other metabolttee There remains the possibility that products 
of muscle metabolism other than COj or lactic acid may be responsible for the 
hy^icrpnca of muscular exercise, such as the unidentified chemical stimulant 
postulated by (jeppert and Zunts (00) or the ‘ respiratory X of Y Henderson 
(07) It IS improbable that lactate has any specific functions as a respiratory 
stimulant (38) There U some doubt os to whether potassium normally enters 
the blood from exercising muscles (90) but it definitely diffuses into the venous 
blood when the artenal circulation w occluded (2) it could etimulato respira 
tion centrally or reflexlv through the carotid and aortic bodies but it is apt to 
depress m slightly higher concentrations (67, 38 89, 160) Phosphates, formerly 
thought to increase m the blood durmg muscular exercise (123), probably do not 
(59) Other products of muscle metabolism hav c not been tested for their possi 
bio effects upon the rcspiratorv center 

2 Reflexes Anisn^o fbou the exercibino limbs Two factors delayed 
recognition of the part plavcd by reflexes from the cxcrcismg limbs one wos 
complete satisfaction with the Haldane concept and the other wtis the fact that 
Geppert and Zimtz (00) in 1888 felt tliat they had excluded satisfactorily anv 
reflex factor when thev stimulated the lower limbs clcctncally in dogs and ob* 
tamed respiratory stimulation after transection of the spinal cord* Consequent- 
ly when Hnmson et al (74, 76, 70) desenbed reflexes from movnng limbs their 

* It is possible that Qepport and Zuotz tctaniicd tbo limb musclet if such were the rase 
they were dealing not with rhythmic movement of the limbs but rather with static effort 
which tends (by its limitation of blood flow through the muscles) to produce anaemhir 
contraction and lactic add formation 
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work went practically unnoticed In fi\e dogs mth the leg amputated at the 
hip (the femur fixed m a vise) leaiong only the femoral vessels and sciatic nerve 
mtact, passive movements at the rate of 300 per mmute led to an immediate 
augmentation of respiration To be sure the results uere not striking, the in- 
creases m mmute volume of respiration in these experiments being 5 6, 5 9, 
3 5, 12 and 32 6 per cent when the vessels were open and 3 3, 6 0, 10, 12 0 and 
21 per cent when the vessels were occluded, after section of the sciatic nerves, 
no mcrease m ventdation was obtamed However, this work has been confirmed 
and extended recently by Comroe and Schmidt (37) In them experunents, 
passive movements (200/mm ) of disarticulated legs m anesthetized dogs m- 
creased respiration from 22 to 125 per cent (average, 52 per cent) In 86 tests 
m 50 normal human subjects, passive movements of one leg at the knee at the 
rate of 100 per mmute led to an average mcrease m pulmonarj' ventilation of 
40 per cent The hyperpnea could be abolished by nerve section or by local 
anesthesia about the knee in dogs and bj"^ spmal anesthesia m man It did not 
appear to arise from the stretch of muscle or muscle tendons and, by exclusion, 
the site of origm was assigned to joint receptors 
Though it appears certam that some tjTie of proprioreceptors can set up re- 
flexes from an exercised hmb, more precise information is needed as to the con- 
tnbution of these reflexes to the total h3nperpnea of exertion Comroe and 
Schnudt felt that these reflexes were not powerful enough to account for more 
than a small share of the hyperpnea of exercise, furthermore the available data 
leave no provision for adjustment of pulmonary ventilation to the load placed 
on the muscles, but only to the rate and extent to which the limbs are moved 
A recent comparison m 27 experiments upon 16 normal men of the effect upon 
respiration of active versus passive movements (of the same rate and extent) 
of one leg at the knee has shown the follow mg w'hile active movements resulted 
m a 57 per cent mcrease m mmute volume during the first mmute, passive move- 
ments resulted m only a 34 per cent mcrease, with active movements respuation 
mcreased further m the second mmute (to 70 per cent), while with passive move- 
ments it declmed to only 20 per cent (39) In this rmld type of exercise, passive 
movements accounted for an average of 60 per cent of the total hyperpnea 
How'ever the response was not w ell sustamed, due either to rapid adaptation of 
the receptors or to the decrease m arterial pCO. produced by the hyperpnea, 
this mdicates that this reflex drive must be a weak one, for strong reflex hyperp- 
neas such as that of anoxia are w^ell maintained despite a fall m arterial pCOj 
It 16 possible that if a large number of jomts (ankle, knee, hip, elbow", shoulder) 
were brought into play at once, bilaterally, as m severe exercise, this reflex might 
assume more importance, especially if the arterial pCOj were mamtRmed by 
concomitant active contractions of muscles The experiments of Barman, 
Moreira and Ckmsolazio (11, 10), purportmg to show" that there is little or no 
reflex drive durmg exercise, actually do just the reverse and provide experimental 
data minmuzmg the r61e played by chemical substances from the limbs In 
their experiments, subjects walked on a treadmill until a stead}" state was 
reached, the average pulmonary ventilation mil experiments on three subjects 
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x^•as 41^ btcre per minute at this time ^Tiile the subjects were stiU walkmg 
at the same rate, arterial and ■\ enous circulation to both legs was occluded for 
minutes h\ cuffs around the upper thighs, durmg this period ventilation 
decreased to 38 0 liters per mmute, a fall of onlj 2 7 liters per minute or 6^ per 
cent of the stead> state \entilation Smee respiration falls off b\ 40 to 55 per 
cent m an a\erage mdmdual m the first 1 J mmutes of rest after exercise of simi 
lar 6e^e^t^ (142 7, 135, 101, 124) it would seem that the difference between 
40 to 56 per cent and 0 6 per cent (33^ to 40 6 per cent) could represent the 
contribution of reflexes from the mo\'ing hml» (or of other factors such os dis- 
comfort or pam) Further expenmenta should be done along this Ime (Barman 

pomted to the intense h\'perpnea occurrmg after release of the occluding cuffs 
as important evidence that the h^'perpnea of muscular exercise is due predomi 
nontlj to central stimulation b\ liberated metabolites It must be emphasiied 
that these conditions are far from ph^'Blologlcal and gi\ e no information os to the 
situation exifitmg normallj Durmg complete occlusion COj lactic acid and 
potassium maj accumulate in the tissues and- be swept mto the re-cstabhslicd 
circulation, changes in \ enous pressure certainly and arterial pressure possibl> 
also occur along \nth changes in blood temperature Occlusion of the \essels 
dunng exercise cannot bo counted upon with certamtj to do more than establish 
or rule out the existence of a reflex component ) 

Dxpenments emplovmg electrical stimulation have shown that a marked m 
crease m ^ entilation rna) be produced bj excitation of certain sensorj nenns m 
the limbs Ivrogh and Lindhard (100), using the Bergoni4 apparatus for m- 
duemg muscular contraction In man bj electrical stimuli, succeeded m producing 
hj'perpnea without pam or discomfort, without a nse m alveolar p(X): and ob- 
Mouslv without irradiation from the motor cortex For correspondmg quantities 
of oxygen absorbed, electrically mduced work produced a greater hyperventila- 
tion than volimtarj work m one experiment ventilation mereased to more than 
70 hters per minute with an ov-j-gen absorption of onl> 800 cc per mmute This 
would mdicate the existence of peripheral nerves or receptors capable of stimu 
latmg respiration w hen these ore excited electrically As a rule, howuv er, Krogh 
and Lmdhard found that the electneal stimulation was associated with pam 
or discomfort Y Henderson (81) found that marked hyperpnea occurred In 
dogs with mechanical or electneal stimulation of the central end of the cut 
sciatic nerve, he attributed this to stimulation of pam fibers Faradic stimula 
tion of both legs m human subjects mereased respiration from 0^ to 13 95 
liters per minute when only moderate discomfort wus expenenced, when the 
stimulus was increased, respiration mereased to 25 G liters per minute but intense 
pam was perceived (20) Since pain is not ordmanb encountered m dynamic 
muscular exercise, these receptors would appear to be of little importance How- 
cver m static effort (34) (such os holding a weight or supporting oneself on 
parallel bars) discomfort or even pam mav be a promment feature (20) For 
example the simple extension of one leg m mid oir led to on increase m vxntilation 
to 34 7 liters per minute at the end of the fourth mmute, the subject had to 
discontinue the effort because of the mtenso discomfort (20) This may be duo 
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to the fact that muscle spasm limits the blood flow through the muscle and thus 
favors the production of lactic acid and the sensation of fatigue (though the 
former has been doubted by Rem (131) and the latter by Jervell (93)) 

3 Chemical receptors in the limbs This raises the very mteresting 
question as to whether there might be receptors m the hmb ivhich respond to 
concentrations of muscle metabohtes lower than those W'hich produce pam It is 
known that chemical factors formed durmg muscular exercise may produce 
vasodilatation, pam (105), and a reflex mcrease m blood pressure (1), it is also 
known that chemoreceptors capable of stimulatmg respiration exist elsewhere 
in the body (carotid bodies (83), aortic bodies (140),lower respiratory tract (136)) 
The possibihty of the existence of similar receptors in the lunbs has been in- 
vestigated m a vanet> of wa}^ Comroe and Schmidt (37) were unable to 
demonstrate reflex stimulation of respiration in man, cat, or dog by total ischemia 
or by products of muscle metabolism formed by exercise during complete is- 
chemia, if pam w'as avoided exercise durmg ischemia produced no greater h3T3erp- 
nea than exercise alone The latter has been confirmed by Barman et al (11), 
these authors, howeier, found a measurable mcrease m respiration dunng is- 
chemia alone Delucchi (48) found that the respiratorj mcrease produced by 
static effort of the legs was mcreased when cuffs around the thighs w ere mflated 
to a pressure two-thirds that of the systohc blood pressure, smce no discomfort 
was expenenced, this could be regarded as evidence for the existence of chemo- 
receptors m the hmbs How ever the respiratory changes w ere very small (11-16 
per cent) and at no tune was the leg circulation completely occluded 

A large variety of substances mcludmg creatme, phosphocreatme, blood from 
exercised ischemic muscles, anoxic blood, hj^iercapmc blood and acidic blood, 
was mjected or perfused mtra-artenally mto the lunb muscles of cats and dogs 
without the production of any reflex stimulation of respiration (37) Moore 
et al found that acids (pH 6 0 or less) and alkahes (pH 9 2 or more) mjected 
intra-artenally m cats often produced transient reflex respiratory stimulation 
(116) Neutral solutions of salts produced similar hyperpnea if their concentra- 
tion was great enough Of the chlondes tested banum, rubidium and potassium 
stimulated m lowest concentrations, of the sodium salts tested citrate, phosphate, 
fluoride and lactate stimulated m low'est concentrations (the threshold for stimu- 
lation wnth neutral Sodium lactate was 0 17 M concentration) Moore et al 
have shown satisfactorily that this reflex arises m the smaller vessels of the 
hmb and that it probably represents a response to pam It cannot be of any 
physiological significance m ordmaiy types of exercise though it is conceivable 
that metabohtes formed withm the muscle cells might stimulate receptors there 
without the production of pam 

4 Reflexes from the carotid and aortic bodies The characteristic 
stimulus to these chemoreceptors is a decreased oxygen tension of the arterial 
blood, though unusual changes m pCOj or pH may also lead to reflex alteration 
of respiration (140) While relative anoxia may exist m the exercismg muscles 
m exhaustmg exertion, a drop m artenal blood pOj rarely occurs m healthy m- 
dividuals Himwich and Barr found that artenal oxygen content and saturation 
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increased m subjects performing bnef penods of \ igorous iierk (80) , sundar ol>- 
servntions have been recorded by other investigators (20, 24, 87 80) The fact 
that mhalation of oxygen mn\ lead to less dj'spnea and to greater capacitj for 
exertion (82, 121) indicates that the mcrease in total oxygen earned bj the blood 
(which amounts to 10 per cent during inhalation of 100 per cent oxj'gen) reduces 
the degree of local awgen lack m the muscles, it does not indicate a reduction 
of carotid and aortic bodj activiti for mhalation of 100 per cent oxj’gen usualli 
leads to a slight mcrease m respiration in subjects with 95 to 96 per cent satura 
tion before the inhalation (140 159) 

It 18 true hoiieier that arfenal oxjgen saturation niai fall raroU follow mg 
oxhaustmg actinti m normal subjects (77) and frequently foUoinng ev en moder- 
ate exercise m patients with cardiac disease anemia, crapfaj-seraa, tuberculosis 
pulmonar} fibrosis and poKcithemia vem (87, 95, 78) the magnitude of the fall 
\anes ns a rule from 2 to 10 per cent, though in two jintients it amounted to 
21 per cent and 65 per cent In general howeier, arterial anoxemia is not a 
factor m the hj-perpnea of exercise, the increased all eolar pOi resulting from the 
increased depth of respiration appears to be sufficient to mamtain or mcrease 
oxjgenation eicn m the face of a greatly mcreased pulmonan circulation rate 
and a decreased pOj m the lenous blood 

So far as other stimuh to these ohemoreceptors are concerned the artenal 
pCOi nei er rises high enough under physiolc^cal conditions to reach the thresh- 
old for carotid bodj stimulation, consequentlj an> effects attributed to COi 
must be due to action upon the respuntorj center (139, 140) 

So far as the response of the chemoreceptors to changes m pH is concerned 
it was pomted out earlier (see p 323) that respirahon mav be stunulated reflexli 
bi nciditl The onh experiments reported in w hich pH changes were produced 
inthout concomitant pCOj changes were saline fierfusions of the carotid bodies, 
m 12 dogs It was found that a decrease of 0 1 pH unit mcreased ventilation 10 
to 60 fier cent (7 obscnations), 0 2 unit 10 to 60 jier cent (0 observations), OJ 
umt 0 to 200 i>er cent (0 observations) andO 4 urat 20 to 300 per cent (16 obsen a 
tions (139)) Smee pH changes of 0 1 have been observed frequently during 
exercise (10) and changes as great as 0 4 unit have been reported occasional!} 
(103 166), It IS jiossible that these chemoreceptors ma} account for all or a 
large share of the hvqxirpnea of exercise due to mcreased artenal blood acidit} 
The above cxjienments were not technically jxirfcct (phosphate buffers were 
used to alter the pH of Locke solutions m which both calcmm and potassium 
clilondes were present precipitation of calcium phosphate may have occurred 
thus leavmg a prejamderance of potassium ions whicli in themselves could 
stimulate the carotid bodies) the} should be repeated and further attempts 
made to determine the seasitivnt} of the dcaffcrcntcd respiratory center to pH 
changes (the cxjienments of Hooker ct al (88) were jierformed before the dis- 
cover} of the carotid bodies) 

Reflex stbnulation of respuation b} wnrmmg the chemoreceptors was demon- 
strated by Bernthal and Weeks (23) who showed n 32 0 jicr cent mcrease m 
respuation upon changmg the temperature of the carotid bod} from 39° to 
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43°C , this was not a panting tj^ie of respiration since both rate and depth were 
increased This was confirmed by Schmidt, Comroe and Dnpps who obtained 
an increase of 70 per cent m mmute volume when the temperature of fluid per- 
fusing the carotid bodies was raised from 38 to 41°C The relation of this 
hyperpnea to the mcreased body temperature observed m muscular exercise wall 
be discussed later (see p 329) 

5 Reflexes from the lungs Smce clmical dyspnea, such as that occurring 
m congestne heart failure, is thought to be due m large part to an mcreased 
amount of blood m the lungs (55, 46, 35), it is conceivable that this factor may 
be mvolved m the h} perpnea of severe exertion While there is no doubt that 
blood 18 flowing more rapidly through the puhnonarj’^ vessels m new of the 
marked mcrease m cardiac output m exercise, this does not necessanly mean that 
there is an mcreased quantity of blood m the lungs The total amount of blood 
m the lungs has been estimated by ntal capacity determmations m man before 
and immediately after exercise A decrease m ntal capacity has been found 
occasionally, chiefly m long races of the marathon type, m a group of 20 such 
runners, vital capacity was 17 per cent lower at the end of the race, but the men 
were so fatigued that this change w'as due probably to physical mabihty to blow 
mto the apparatus (63) The majonty of mvestigators have foimd that only 
msignificant changes occur m vital capacity followmg short but strenuous exer- 
cise Hamson (75) found changes ranging from — 150 to 4-200 cc m 8 mdmd- 
uals (average change w'as — 6 cc ) Iglauer and Altschule found changes varymg 
from —230 cc to -f70 cc m 15 healthy adults, m 12 subjects the vital capacity 
decreased and the average change m the 15 subjects was — 80 cc (91) Sunilar 
results were reported by Levm^ and Wilson (104) These shght changes are 
wathm the limits of error of the method 

It IS possible that a very shght decrease m \utal capacity may be sufficient 
to set up powerful respiratorj"^ reflexes and that the method ma}' not be sensitive 
enough to detect such small changes To ansii er this, w e can examme the rela- 
tion between vital capacity and pulmonary ventilation m cardiac decompensa- 
tion, for it IS generally adnutted that here the mcreased amount of blood m the 
lungs IS a major factor m producmg dyspnea Actually we find that very gross 
decreases may occur m vital capacity wnthout coirespondingly great increases 
m the volume of respiration Campbell found that cardiacs wnth dyspnea had 
an average vital capacity of 53 5 per cent and pulmonary ventilation of 7 2 
liters per minute, normal subjects wnth an average vital capacity of 95 per cent 
had ventilation amountmg to 6 9 liters per mmute (32) Peabody and Sturgis 
averaged respiration m 11 normals (vital capacity 101 per cent) and found a 
volume of 7 16 hters per mmute, m 11 cardiacs (^^tal capacity 83 6 per cent) 
the volume was only 9 12 hters per mmute (l26) Barr and Peters reported 
similar results (129), respiratorj’’ volume being 10 8 liters per mmute m four ^ 
cardiac patients with moderate dyspnea as opposed to 6 6 hters m normal sub- 
jects (12) It IS probable therefore that the very small changes m vital capacity 
detected m muscular exercise must have little or no effect upon respiration It 
must always be borne m mmd however that even small reflax stimuli maj produce 
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greater effects Trhen the arterial pCO» is maintained (162, 99) ns it is m muscular 
exercise by mcreased formation of COi, m congestive heart failure, the arterial 
pCOi is reduced (130) (128) by the reflex drive and not mamtamed by excess 
COj production On the other hand reduction in vital capacity, whether due 
to mcreased blood m lungs or to pneumothorax or to constnction of the chest 
by a tight swathe (153), mcreases ventilation entirely by an mcrease m rate, 
the depth being reduced, this rapid shallow respiration is not oharaotenstic of 
the hyperpnea of exercise, m which both depth and rate are mcreased 

Another possibflity to consider is the actual formation of edema flmd m the 
alieoh concormtnnt mth a higher pulmonary blood pressure m exercise, this 
may be the cause of the decreased vital capacity noted at the conclusion of 
marathon races and of the persistent cough occasionally experienced after 
gruelling exercise though Gordon et al were unable to hear rales m the chest at 
such times (63) It would be mterestmg to obtam figures for arterial oxygen 
saturation m these conditions 

0 Reflexes fhou the oheat VEms ano aukicle Bambndge has described 
a cardio-accelerator reflex ansmg from the great vems and auricle m response to 
mcreased pressure m those structures (3) Smee this reflex is an important 
factor In produemg the acceleration of the pulse m exercise, it might conceivably 
operate also toward increasing respuatlon Hamson (76) felt that an mcrease 
m pressure m the great veins and right auricle mcreased respnation by reflexes 
earned over the vagi but his experimental procedures ore all open to question 
he mcreased the v enous pressure by rapid infusions of large amounts of fluids 
mto the external jugular vem and by distention of the nght auricle inth a bal 
loon Respiratory \ olume was mcreased consistently bv 66-100 per cent but it is 
obvious that too many variables existed m such experiments to permit final 
conclusions 

Evidence that venous pressure does nse m muscular exercise was obtamed by 
Schneider and Coflins who found that venous pressure rose as the mtensity of 
the work mcreased (143) With 4000 ft lbs per minute the venous pressure 
av eraged 30 per cent abov e normal at 6000 it was 60 per cent and at 8000 it was 
76 to 96 per cent abov e normal The drop m venous pressure after the cessation 
of exercise followed the usual curve for the return of v entilation to normal — i e , 
it dropped rapidly m the fitat and second mmutes alter exercise and then more 
slowly, rcachmg the normal level m 6 to 9 minutes (though with very severe work 
fuil recovery was delayed 22 to 27 mm ) Obvuously the stimulus exists m the 
great veins durmg muscular exercise if it can be shown that mcreased pressure 
withm the vem (without mterfermg vnth blood flow) actually does stimulate 
respiration reflexly 

7 Effect of ii,che.vbe in body tempeiuturb upon hespitution It is 
known that sev ere muscular exercise may result m an mcrease in body tempera 
ture but the extent to which body temperature may nse and its effect upon 
pulmonary ventilation have been generally disregarded Many investigators 
have reported moderate mcreases m body temperature durmg exercise (8, 21, 
22, 29, 42, 108, 109, 122, 127) and Hill and Flack have reported an instance m 
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which the temperature rose to 40 6°C after severe exercise However there 
have been very few measurements of the effect of an mcrease m body temperature 
upon respiratory volume The older literature contains only scattered and 
mcomplete observations of the effect of induced temperature mcrease upon the 
respiration of restmg subjects Graham and Poulton (64) and Haldane (70) 
noted dj’spnea when the rectal temperature exceeded 38 9°C , at 40 2^0 the 
respirations were 44 per mmute (64) Sutton noted an mcrease m respiratory 
rate of 5-6 per mmute for every degree C nse m rectal temperature, “the depth 
and energy” of respiration mcreased also (154) A decrease m alveolar pCOj 
durmg fever was noted by Haggard (68) and by Bazett and Haldane (17) 
However the first quantitative studies ivere those performed by Landis et al 
(102) , by the use of hot baths, body temperature was raised to varying heights 
In one subject, vhen the rectal temperature reached 40 3°C, the ventilation 
V as 34 4 hters per mmute, at 39 7°C , the ventilation was 21 6 liters per mmute, 
and yut the alveolar pCOj had fallen m these experiments to 15 6-22 6 mm If 
mcrease m body temperature m a restmg subject can mcrease respiration to 34 4 
hters per mmute in spite of a great reduction m alveolar pCOj, it is reasonable to 
suppose that an e\ en greater hyperpnea might occur if the alveolar pCOj were 
mamtained nearer normal as is the case m exercise Probably' even less str ikin g 
mcreases m temperature could contnbute a large share of the total hyperpnea 
V hen the temperature rise is due to exercise 
On the basis of the a\ adable evidence, the followmg evaluation may be made 
of the contribution of the temperature nse to the total hyqierpnea of exercise 
The temperature nse is certamly not responsible for the onset of the hyper- 
ventilation for the onset of the former is too slow The few contmuous measure- 
ments of rectal temperature made durmg exercise show that temperature may nse 
vithm 1 to 2 mmutes, certainly vithm five mmutes (22, 21, 122) Smce, m 
steady' state exercise, the hyperpnea reaches its maximum before the temperature 
reaches its peak, the temperature nse cannot be largely responsible for the 
hy'perpnea Furthermore the temperature nse vanes m different mdividuals 
perfor min g the same amount of vork (84) Yet it is diflBcult to escape the con- 
clusion that fever must be of great importance m explammg the hyperventilation 
that occurs m very strenuous exertion when the body temperature rises dramati- 
cally It IS also hkely' that the temperature mcrease can explam the long recov- 
ery' period followmg muscular exercise for the body temperature and respiration 
return to normal at about the same tune (42), (21), except for the first three 
mmutes after exercise (vhen the respiratory volume falls rapidly), the tempera- 
ture and respiration cun es are parallel 

Increased body temperature may mcrease respiration m a number of ways 
o, I'la the carotid and aortic bodies (23, 139), b, via the cerebral centers cephalad 
to the medulla (see Bazett (19)), c, via mcrease m metabolism of the medullary' 
respiratory centers (145, 18) , d, by decreasmg blood pH (149, 150), by the action 
of mcreased temperature on blood as a physicochemical system, and e, by pe- 
npheral reflex factors There is least support for the last of these mechanisms 
though Nasset and Peters (117) found that a greater mctease m respiration fol- 
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lowed beating both head and trunk (separated \ascularlv) than either alone, 
and Boycott and Haldane (27) reported that “wannth causes a slight fall in 
alveolar pCOi mthout any rise in internal (rectal) temperature ” 

8 Effect of adrenalin liberation The mjection of adrennlm Ina^ lead 
to depression (apnea) or stimulation of respiration or to both dependmg upon 
the circumstances and mode of administration Following mtravenous mjection 
of adrenohn with an increase m blood pressure McDonnll (110) observed on 
apnea (now knovn to be due largely to pressorreceptor reflexes (83)) followed 
b> a more lasting stimulation of respiration Griffith et al found that adrenalin 
increased respiratorj ^olume 16 to 28 per cent In chloraloscd cats (05) and 
Schmidt (138) noted that adrenahn w an excellent respiratorj stimulant m cases 
of depressed respiration Starr and co-workers (161) reported that 0 07 cc adren 
nlin given subcutaneousK to normal human subjects mcreased mmuto ^olumo 
of respiration 42 per cent (this representing a considerably greater effect than 
that produced bj the so-called respiratory stimulants such as caffeme thcophj 1- 
Ime and strychnme) This increase m \entilation following adrenahn may be 
due to the mcreased metabolism that it is known to produce It mai also be 
due to an mcrease m blood lactate, Courtice Douglas and Priestley (43) noted 
that blood lactate rose from a normal of 10 mgm per 100 cc to 33-37 following 
adrenahn injection and similar figures have been reported b\ Cook and Hurst 
(40) In addition to these two actions, adrenahn ma\ ha\e a spccifio stimulant 
effect upon the central nen oua system of the ty 7 >e seen with other sympathomi- 
metic amines It is unlikelv that the stnnuJant effect observed bs Starr is due 
to an improvement in cerebral blood flow for ephednno raised blood pressure 
more but produced less respiratorv stimulation furthermore an mcrease m 
cerebral blood flow would tend to decrease respuntion by reducing the amount 
of sUraulont matcnal withm (he cells of the respiratorv center (01) (137) 

Tlus mcrcase m respiration following adrenalin suggests another mechanism 
by which respiration might bo mcreased even further m severe exercise There 
appears to be little doubt that adrenahn liberation docs occur during muscular 
mov'ements In cats (33) The extent to which such liberation occurs m man has 
not yet been agreed upon (62) Cannon’s method for deterrainmg adrenalm 
liberation in cats bv using the rate of the denervated heart as an indicator might 
conceivably bo applied to man m view of the recent mcrease m sympathetic 
surgery recently There is little disogreemont, though, that adrenalin does 
enter the circulation m exhaustmg exercise 

9 Effect of irradiation from nn: motor cortex lu’oghs hypothesis 
that impulses from the motor cortex radiate to the respiratory center and mcrease 
its sensitivity has not yet been tested cxpenracnlally , evidence in fav or of this 
theory was obtained chiefly bv exclusion or lack of other factors known at that 
time Krogh and Lmdhard (99) felt that this concept was necesaarv m order to 
explain the immediate mcrease m respiration that occurs withm the first second 
after begmnmg exercise, that m addition it was necessary to explam the mcreased 
respiration m spite of a decreased artcnal pCOi However the need for this 
hyimthcSTB has now largely disappeared The immediate mcrease in respiration 
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at the start of exercise may be explained on a reflex basis as demonstrated by the 
work of Harrison et al (75), Comroe and Schmidt (37) and mdeed by the expen- 
ments upon electncally mduced work performed by Erogh and Lmdhard (100) , 
m none of these experiments was the motor cortex mvolved 

Krogh’s hypothesis may still be needed to explam the magmtude of the full 
hyperpnea of exercise but further evaluation of the rble played by the other 
factors concerned is needed before this can be settled It is possible that the 
sum of the effects produced bj’’ afferent nerve impulses, pH changes, temperature 
mcrease, mamtenance of arterial pCOi, venous pressure rise, adrenalm hberation 
all actmg m harmony may provide a complete explanation At any rate further 
evaluation of known factors and search for new factors susceptible of expen- 
mental proof offers a more satisfymg approach than acceptance of his hypothesis 
The only experimental work deahng with the effects of cortical irradiation 
(electncal stimulation of the motor cortex of animals) upon respiration has not 
provided piositive evidence cortical stimulation produced either no change m 
respiration or an increase m rate with a decrease m depth (148) Further expen- 
ments of this sort are desirable 

10 Effect of internal aciditt of cells of respiratoky center The 
hypothesis (first emphasized by Gesell (61)) that alterations m respiratory ac- 
tmty were governed not by arterial pCO* or pH but by the acidity of the cells 
of the center, was necessitated by the lack of correlation between arterial pCOj 
and pH and respiration, and the urge for a umtanan theory of respiratory regula- 
tion Smce such a theory can never be susceptible of direct proof until methods 
for measunng the pH of the cells of the respiratory center without mjuiy are 
devised, its acceptance must depend wholly upon the lack of other satisfactory 
explanations Such a lack no longer exists the hyperpnea of anoxemia*, fever, 
ether inhalation, acidosis, cardiac decompensation, and low blood pressure may 
now be explamed m lai^e part or wholly by new factors, usually reflex and all ca- 
pable of objective proof Likewise the hyperpnea of muscular exercise no longer 
requires a theoretical approach Furthermore such a hypothesis never satis- 
factorily explamed the hyperpnea of muscular exercise for the hyperpnea begins 
simultaneously wnth the first movements If the center turns more acid m order 
to produce this imtial gasp, why does it do so? It cannot spontaneously mcrease 
its own metabolism, there must be some stimulus to the center to produce this 
imtial augmentation of activity whether it be from the motor cortex or reflexly 
from the limbs, and it is the ongin of these stimuh that is our chief concern 

CONCLUSIONS 

Among the earhest explanations proposed for the control of respiration was that 
of Volkmann m 1841 (158) and Vierordt m 1844 (157), who beheved that respira- 
tion was regulated chiefly by means of reflexes One hundred years later this 

’ Davenport et al (47) observed a delayed increase in rate and minute volume of respira- 
tion occurring in unaneathetized dogs (with carotid and aortic bodies denervated) when 
made to breathe 9 to 18 per cent oxygon, this could be classed as an instance of increased 
respiration due to increased acidity centrally if all other possibihties are excluded 
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explanation again seems to be a very aatlafactoiy one, though reatmg now on far 
firmer experimental support In the mtervenmg years all theories dealing with 
the control of respiration were concerned chiefly with the dominant effect of 
chemical substances actmg directly upon the medullary centers (133), (60), (94), 
(72), (61) Probably the most important discovery of the last century — more 
important than the findmg of anj new reflex or chemical stunulant — has been 
the realixation that respiration is controlled not by reflexes alone not b> chemical 
stimulation of the medulla alone, but bj the proper interaction of both factors 
No reflex, no matter hoiv strong, can stimulate respiration if the arterial COj 
tension has been lowered abnormally (99, 162), no ohemical stimulant, no matter 
how great, can produce rhythmic breathmg if the medullary centers have been 
completely cut off from all nervous influences moludmg that residmg m the 
pneumotaxic center (162) Respiratoo alterations m general, and the hyperp- 
nea of exercise in particular, cannot be explained by any single simple theory but 
onl> by a consideration of a number of known and probably many unidentified 
factors 
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W E PETERSEN 
Umverstiy of Minnesota, Minneapolis 

The hteratxire dealing is’ith the vanous phases of lactation is far more extensive 
than can be adequately treated in a smgle review The object m this treating 
therefore shall not be to consider all of the hterature on the subject but rather 
to review the more recent contnbutions and refer to older hterature only as it is 
deemed necessary to estabhsh a foundation, or to make contrasts It too shall 
be the object to make conclusions where the evidence seems to ment them 
and to present all recent evidence on both sides on controversial questions 

The physiological and biochemical aspects of lactation can best be treated by 
considenng m order each of the three distmct phases it mvolves The first of 
these 18 the development of the mammary glands The second phase is the 
imtiation and mamtenance of lactation and the third is the evacuation of the 
milk m the gland While endocrmes are prommently mvolved m all three 
phases, biochemical aspects are the more proimnent m the second phase and need 
consideration for a proper understandmg of the lactation phenomenon 

Recent reviews by Turner (1939), Riddle (1940, 1941), Hisaw and Astwood 
(1942) and Petersen (1942b) deal wth the relation of the endocrmes to lactation 
The hterature pertainmg to the biochemical as well as the endocnne aspects of 
lactation has been reviewed by Folley (1040a) and Petersen (1942a) and m book 
form by Espe (1941) 

Dkvelopment of the mammarv glakds The ovanan hormones are well 
estabhdied as the agents responsible for the mammary growth m normal animals 
Although there are some exceptions, m general, the estrogens cause duct groivth 
while progesterone bnngs about development of the lobule-alveolar system 
when administered to the ovanectomnied but otherwise normal animal Con- 
troversy exists as to the mode of mediation of mammary grouiih by these hor- 
mones It IB also clear that other than ovanan hormones are essential for 
complete mammary development Evidence has been presented that adrenal, 
th 3 Toid, and hypophyseal hormones play a part synergistically Placental 
hormones are also mvolved The state of nutntion must also be considered as 
well as the effect of male hormones 

Exceptions to the general concept That estrogens cause only duct groivth does 
not hold for aU species or conditions In the gumea pig Nelson (1936) and others, 
and m the monkey Allen (1927) and Gardner and Van Wagenen (1938) have 
shown that complete lobule-alveolar development was obtamed vuth estrogen 
admmistration to ovanectoimzed females In the rat small amounts of alveolar 
development followmg estrogens have been observed by Nelson (1935) and others 
In the mouse Gardner (1935) and m the rabbit Lyons (1936) have made similar 
observations In the ovanectomized cow, Walker and Stanley (1941) obtamed 
apparently complete mammary development with diethylstilbestrol as did 
Lewis and Turner (1941a) m an ovanectomized goat 
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Since dielhylstilbestrol was made available a large number of studies on its 
effect upon mammary development has been reported In most cases this 
estrogen has been administered to animals with mtact ov anes, and, therefore, 
some of the observed effects may be due to the acbon of some naturally secreted 
ovarian hormones It should also be pomted out that m most cases and with 
larger animals in particular complete mammary development has been assumed 
when the lactation was copious and not by necropsy or biopsy inspection 
Large mammary development m goats by admmistmtion of diethylstilbestrol 
has been reported by Lems and Turner (1942b), Folley and Young (1941a) 
and others Folley, Scott Watson and Bottomley (1941a b) Reece (1943), 
Lewis and Turner (1942a), Walker and Stanley (1941) and others have re- 
ported upon mammary development and milk flow simulatmg that expected 
following a normal parturition to result from diethylstilbestrol admmistration 
to nulhparous heifers Petersen and Boyd (1944) have found uniformly good 
response to stilbestrol administration m the nulhparous heifers but only oc 
casionally did multiparous dry cows respond with well developed mammary 
glands or hif^ lactation levels. This failure is difficult to explain ns m the 
multiparous animal full mammary development had occurred m a previous 
lactation and it would seem that a subsequent lobule-alveolar development to 
stilbestrol should be more readily obtained It is also itoteworthy that in 6 
frecmnrtms and several nymphomaniacs with chromo ovarian cysts very little 
mammary development or lactation occurred 

In general estrogen admimstration must be more intensive and prolonged in 
the male than m the female to obtain the same degree of development and m 
some cases complete development is not obtainable Lewis and Turner (1941n 
1942c) report some lobule-alveolar development m male mice, rats, rabbits and 
guinea pigs as occurrmg only after prolonged treatment vnlh large doses. The 
same workers (1942b) were unable to obtam any significant developmentmthe 
male goat even after prolonged treatment with large doses Petersen and Boy d 
(1944) treated a steer and a bull for 6 montbs with diethy Istilbestrol and obtamed 
but slight mammary enlargement and a few milliliters of milk daily Failure to 
obtain response to estrogen treatment m the freemartm male, and castrate 
male could be e.xplained by postulatmg an absence of progesterone m these 
classes Such postulation would be difficult to reconcile with the results obtamed 
by Walker and Stanley (1941) who obtained full development and lactation m 
the ovariectoimied bovine Walker (192) concluded that progesterone is not 
needed for complete mammary gland development m the bovine 

In the human female stilbestrol has been used successfully by MacBryde 
(1939) and others to develop hypotrophic breasts Dunn (1941) has reported 
a case of gynecomastia m the human male as the result of oral adnunistration 
of stilbestrol 

■While estrogen may cause vanous degrees of development of the lobule-alveo- 
lar syrstem, Sclye (1940a 1940b) found that large doses of progesterone without 
prelreatmcnt with estrogens produced mammary development comparable to 
late pregnanev m spayed rats. Similar reports have been made by Sclye, Bor 
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duas and Masson (1942) and Reece and Bivms (1942) for rats and by Hartman 
and Speert (1941) for monkeys 

Syrwrgtsm of estrogen and progesterone The synergistic action of estrogen and 
progesterone upon the uterus and sexual behavior has been the subject of much 
study Recently the problem of quantitative relationship of the two hormones 
m mammary development has been undertaken by Lyons and McGimty (1941), 
Scharf and Lyons (1941) mth rabbits and by Mixner and Turner (1943) ivith 
mice These reports mdicate that maximal effects are obtamed with 1 mgm 
progesterone to 240 I U estrone 

Mixner and Turner (1943) postulated that estrogen acts directly upon the 
tissues producmg hyperemia and greater vascular permeabihty pemuttmg other 
hormones to enter the tissues m mcreasmg amounts The vasodilatmg action 
of estrogen m the penpherj-- has been shovm by Abramson, Zazeela and Schkloven 
(1941), Hechter, Lev and Soskm (1940) and others A large number of reports 
on the hyperemic effect of estrogen upon the uterus is to be found Smce the 
mammary gland is an accessory reproductive organ the estrogemc effect upon 
the uterus is of special mterest because similar effects upon it can be expected 
Among the more recent studies Reynolds (1939, 1941) and Kerly (1940) found 
that wth the hyperemia of the uterus caused by estrogen there was an mcrease 
m the tissue water as well as m metabolism Increased permeabihty of the capil- 
lanes of the estrogen treated uterus was demonstrated by Hechter, Krohn, and 
Harris (1941) by mtravenous mjection of trypan blue 

Direct evidence for the local effect of estrogen is to be found m the several 
reports on its percutaneous apphcation and observmg development only m those 
glands so treated Among others, such observations have been made on the 
mouse by Gardner (1941) and Gardner and Chamberlm (1941), on the rat by 
Lyon and Sako (1940) , on the gumea pig by Nelson (1941a) and Jadassohn et al 
(1937), on the rabbit by Lewis and Turner (1942), on the monkey by Speert 
(1940, 1941a) and Chamberlm et al (1941), on the goat byFolley et al (1940, 
1941c) on wmman by MacBryde (1939) and on the cow by the reviewer and 
Folley et al (1941c) 

It therefore appears tliat one of the mam, if not the chief function, of estrogen 
IS to mcrease the vascular system and its permeabihty m the mammary gland 
to progesterone, other hormones and metabolites If sufficiently large concen- 
trations of progesterone are administered enough will get through the capil- 
lanes to produce lobule-alveolar growth ivithout preconditioning to estrogen 
The mhibitory effects of excess doses of estrogen upon mammary growth re- 
ported by Gardner (1940a) are difficult to reconcile with these views 

R(51e of the hypophysis The usual failure of obtaimng mammary development 
by estrogen and progesterone admmistration m hypophysectomized ammals 
prove ivithout question that pituitary hormones are mvolved As to the 
identity of these hormones there is controversy and con&ctmg evidence One 
school contends that estrogen acts upon the hypophysis to form a duct growth 
factor and progesterone acts similarly to produce a lobule-alveolar growth 
factor Others contend that the ovarian hormones act directly upon the mam- 
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mary glands but must be assisted by a number of naturally occumng hypophy 
seal hormones. 

Since Comer (1030) first demonstrated that administration of an anterior 
hypophyseal extract to hypophysectomiied animals permitted of mammary 
development numerous attempts have been made to ascertam the pituitary 
fractions mvoli ed The Missouri group have been the chief proponents of the 
hypothesis that estrogen and progesterone act upon the hypophysis producmg 
mammogen I and mammogen II respectively that m turn mediate the mammary 
growth Endence for support of their hypothesis is presented In a senes of 
reports beginmng with Gomes and Turner (1037n) and Gomes, Turner, and 
Reece (1037), that implantation of pitultanes from rats treated with estrogen 
caused mammary development In hypophyseotomised gumea pigs while pitui 
tary implants from nontreated rats failed Later Gomes and Turner (1038) 
reported similar results on hypophyseotomised rabbits and rats with pituitary 
implants from pregnant and non pregnant cattle Lewis and Turner (1938, 
1939) and Lewis, Turner and Gomes (1939) reported upon the hpoid nature of 
the duct growth factor (mammogen I) and methods for biological assay In 
the latter report they extend confirmatory evidence on the identitj of the 
duct growth factor still mamtaining the factor is lipoid m nature In the latest 
report Trcntm, Lewis, Bergman and Turner (1043) admit error m the ongnal 
claim that mammogen I is hpoid and now claim it is protem m nature. 

That progesterone acts upon the pituitary o produce a factor (mammogen 
II) which mediates lobule-alveolar development was proposed by Mixnor (1940) 
Mixner and Turner (1941a) reported on a method for biological assay for the 
factor by the use of male mice and m 1942a on the rftle of estrogen m the atimula 
tion of the lobule alveolar growth Mixner, Bergman and Turner (1042) pre- 
sent further claims for the sjiecific lobule-alveolar growth factor m the hypophysis 
as they found no paratlelism between the lactogemc, thiTotropic and gonado- 
tropic activities and raammogemc potency The work of Gomes (1942) lends 
support to the lobule-alveolar factor being a separate entity from other known 
hjTiophj-seal factors He found that a hot alcohol-ether extract of the fresh 
hypophysis contamed the lobule-alveolar growth prmciple and none of the 
other established pitmtary hormones Mixner and Turner (1943) report more 
extensively on studies of the hypophyseal lobule-alveolar factor and suggest 
it is protein m nature 

While there is no question about pituitary hormones being essential for 
mammary growth there is strong opposition to the hypothesis that special 
hormones are formed in the hypophysis by the action of the ovarian hormones 
Hisaw and Astwood (1942) conclude such a hypothesis to be untenable m vnew 
of the well established local effect of peroutaneous application of estrogen to 
mammary glands previously cited In further support of this conclusion 
may bo ated the several reports failing to confirm sei-eral phases of the reports 
on mammc^cn ” Recce and Leonard (1939) found no difference in the mam 
mary growth stimulation obtamed in bypophysectomiied rata in implants of 
pituitanes from estrogen treated and nontreated ammals Nelson (1938, 1030a) 
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made mimlar observations The failure of Selye and Colhp (1936) to obtain 
mammary development from pitmtary implants is difficult to explam m bght 
of the above results Greep and Stavely (1941) failed to observe any mammo- 
gemc effect of a hpoid extract of pituitary glands accordmg to Lewis and Turner 
(1938) while the hpoid extracted material exerted marked mfluence on mammary 
growth The reviewer and co-workers (unpublished) have made similar ob- 
servations Mixner and Turner (1943) explam the failure of obtammg differ- 
ences from implants of pitmtanes from estrogen and nontreated animals m the 
hypophysectomized animals as bemg due to the lack of sensitivity m the oper- 
ated mdividuals as compared to mtact male mice which they used as test animals 
Successes m replacement therapy by vanous hypophyseal hormones strongly 
suggest that naturally occurrmg pituitary hormones act m conjunction with 
the ovarian hormones to produce mammary development Although not cor- 
roborated by Nelson (1938, 1939), Greep and Stavely (1941), Reece and Leonard 
(1939) and others, the fact that Levns and Turner (1939) and Mixner and Turner 
(1943) obtamed larger amounts of duct growth and lobule-alveolar growth 
respectively, from the hypophysis m pregnancy than from that of non-pregnant 
or male animals it is possible that m pregnancy certam metabohc hormones 
needed for mammary development are mcreased m the hypophysis 
The development of the mammary gland is a growth phenomenon and would 
therefore be expected to involve the action of several of the pnnciples of the 
hypophysis affectmg metabolism The general r61e of the hypophysis m this 
relation has recently been reviewed by Long (1942) Inamtion, an mvanable 
sequela to hypophysectomy, has been shown by Astwood, Geschicter and 
Rausch (1937) to prevent mammary development m otherwise normal rats 
The work of Nathanson et al (1939) supports, and Trentm and Turner (1941) 
confirmed, this finding but found that greatly mcreased doses of estrogen would 
cause mammary duct proliferation m mamtion Although mamtion is un- 
doubtedly a factor m the failure of complete mammary development m ovarian 
hormone administration m hypophysectomized animal it is not the only one as 
Samuels, Remecke and Petersen (1941) noted no greater development m hy- 
pophysectomized rats that were force fed by stomach tube so as to gam m weight 
than those not so treated In a more recent report, Samuels, Remeke and 
Bauman (1943) found that the weight mcrements m force fed hypophysectomized 
animals was due to fat storage There was a loss of the mtrogen stores 

In view of these facts it is surpnsmg that response m hypophysectomized 
animals should be obtamed with anythmg less than a therapy of a complete 
extract of the hypophysis yet there is a growmg hterature reportmg on varymg 
degrees of development obtamed by the administration of vanous hypophyseal 
fractions m conjunction with ovarian and other hormones Fredenckson 
(1939) obtamed mammary development m hypophysectomized rabbits with 
estrogen and progesterone but was unable to obtam lactation from such glands 
with prolactm unless the ammal was pregnant Gardner (1940) obtamed some 
mammary development m hypophysectomized male mice with desoxycortico- 
sterone, progesterone, and estradiol depropionate Nelson (1941b) reported 
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that the andrenotropic hypophyseal fraction caused sh^t to marked mammary 
development m castrated hypophysectomiied rata of both sexes Chamorro 
(1940) obtamed lobule-alveolar development by adminigtrabon of desoxycortice- 
sterone acetate and estrogen to hypophysectomiied male rata. Gardner and 
White (1941) obtamed mammary development from estrogen and lactogen con 
cludmg that estrogen sensitises the gland to the action of the lactogen later 
Gardner and White (1942) found that when an adienotropic extract was ad- 
ministered together with estrogen and lactogen still better development was 
obtamed A sahne extract of pitmtanes, meffective by itaelf, greatly enhanced 
the action of the estrogen and lactogen This further emphasises the probability 
of estrogen workmg m conjunction with hypophyseal hormones That the growth 
hormone is mvolved is mdicated by a number of reports Usmg hypophysec 
tomised animals, Reece and Leonard (1941) found that growth hormone aug- 
mented the mammary growths to estrogen Later (1942) these workers ob- 
tamed good lobule-alveolar development m hypophysectomiied rate by the ad 
mmistration of growth hormone and testosterone propionate Leonard (1943) 
found estradiol dipropionate alone, if mjeotions were begun one day after hy- 
pophyseotomy, would stimulata end buds but was meffective 7 days after the 
operation Samuels, Petersen, Reinecke and Bauman (unpublished data) 
too have observed marked beneficial effects from the growth hormone but con- 
tend other anterior pituitary hormones are also essential for complete develop 
ment 

Further evidence that the lactogemc hormone plays an important rfile m 
development m the normal animal is mdicated by a number of recent reports 
Astwood (1941) reported that lactogen or a hypophyseal hormone closely 
associated with it, and for which the term luteotrophin is suggested, mamtains 
and regulates the corpus luteum function That luteotrophm is distmct from 
the hypophyseal luteinizmg hormone seems to be well established by the reports 
of Astwood (1941), Evans, Simpson, Lyons and Turpemen (1941) and Evens, 
Sunpson and Ljons (1941) From these works it appears that the luteiniiing 
hormone only promotes growth of the corpus luteum and the luteotrophio 
hormone causes it to secrete progesterone Lyons, Simpson and Evans (1941, 
1942, 1943) have added confirmatory evidence and by use of highly purified 
lactogemc hormone have identified it as the luteotrophm, as has Tobin (1942) 

Not only are the results of Lyons (1941), using the gumea pig m certam stages 
as a test animal for the lactogemc hormone, explamed by these new discovenes 
but they add much to the understanding of the mammary development m 
pregnancy The corpus luteum becoming persistent (in some species there is 
exception) is stimulated by the lactogemc hormone to secrete progesterone which 
m turn acts upon the mammary gland, conditioned by estrogen, to stimulate 
lobule-alveolar growth Other hormones from the hypophysis and other 
cndooime glands also play more or less important idles 

litlc of the placenta That the placenta la capable of talang over the mammo- 
genio functions of the hypophysis is evidenced by at least three recent reports 
Desclin (1939) hypophysectomiied pregnant giunea pigs and found no signs of 
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atrophy when autopaed 9 to 12 days later while m males where the glands 
had been developed by estrogen complete atrophy was observed following hy- 
pophysectomy Newton and co-workers (1939, 1941) likewise observed normal 
glands in hypophj^ctomized pregnant imce In the first report they expressed 
the fetuses leavmg the placentas in situ and found no evidence of atrophy whereas 
when the placentas as well as the young were expressed atrophy of the mammary 
glands was complete This experiment should rule out the hypophyseal secre- 
tion of the fetuses as the causative factor In the latter report some of the 
hypophj^ctomized ammals parturated normally and the glands were filled with 
mil k but all young died because of lactation failure 

R6le of the thyroid gland The reports on the r61e of the thyroid gland m 
mammary development are conflictmg Dragstedt et al (1924) reported com- 
plete mammary development m pregnant dogs depnved of their thyroids and 
parathyroids when tetany wa^ prevented Leonard and Reece (1941) reported 
thyroidectomy to enhance mammary growth m both normal and castrated 
female rate with or without estrogen treatment Smithcors and Leonard (1942) 
observed thyroidectomy of male mice to inhibit mammary growth A lesser 
effect was noted m castrated males Gardner (1942) reported orally admims- 
tered desiccated hyroid to stimulate mammary growth m male mice but 
not m castrated males Mixner and Turner (1942b) noted improved mam- 
mary development m thyroidectomized mice when thyroxine was admmistered 
with estrogen and progesterone but not ivith estrogen alone In cattle Spiel- 
man, Petersen and Fitch (1944) observed much less mammary development 
m thyToidectomi 2 ed cows and heifers than w'ould be expected m normals Peter- 
sen, Knodt and Ludivick (1944) have observed that no apparent mammary 
development is obtainable by stilbestrol admmistration m thyroidectomized 
myxedeimc heifers but ivith simultaneous thyroid administration normal 
response was obtamed 

These conflictmg results cannot be adequately mterpreted on the basis of 
available experimental evidence The complete development observed by 
Dragstedt et al (1924) m thyroidectomized pregnant dogs nught be accoimted 
for by the thyroxme secretion of the developmg fetuses Spielman, Petersen 
and Fitch (1944) observed no mammary development m pregnant myedemic 
heifers until about midterm The beginning of mammary development roughly 
corresponded to the disappearance of myxedema both of which were attnbuted 
to the secretion of thyroxme by the developmg fetus Because of the r6Ie the 
thyroid plays m general metabolism and growth it would be reasonable to 
beheve that it plays a part m optimal mammary development 

The rdle of the ^renals The function of the adrenals m normal mammary 
development is speculative That the adrenal hormones can effect mammary 
development is imquestionable, but whether or not they do so m the normal 
mtact pregnant ammals is not defimtely proven The beneficial effects of hy- 
pophyseal adrenotropic fractions upon mammary development m hypophysec- 
tomy observed bj' Nelson (1941), Gardner and White (1942) and others mdicate 
that probably normal function of the adrenals is essential for complete develop- 
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it That desoxycorticosteitme is the mammoEemo factor of the adrenals 
been shown by its effects when injected Van Heuverswyn et al (1938), 
ert (1940b) and others obtained full mammary development in gumea pigs 
I monkey from desoxycorticosterone injeotions as did Chamorro (1940) 
h hypophyseotomiied male rats when also estrogen treated Leonard and 
(1942), however, failed to obtain mammaiy growth with desoxycortico- 
rone in hypophysectomued rats with or without estrogen That desoxycorti 
terone has the mammogemc properties of progesterone is established. Mix- 
ond Turner (1942b) found it to be about one-half ns potent as progesterone 
h mice os the test animals and may therefore augment progesterone under 
oral conditions Interesting from a speculative pomt of view is the report 
Beall and Richstem (1938) of finding progesterone and allopregnanolone in 
I adrenal Of speculative mterest is also the report of Butcher (1939) that 
■enalectomy enhanced the mammary gland development m underfed nlhmo 
s 

Effect of other etermdt A comparatively large number of steroids have 
lule-alveolar growth stimulating properties A number of studies on the 
■mmogemo effect of testosterone propionate has been reported recently 
Hey, Guthkelch and Zuokermann (1939) and Van Wagenen and Volley 
)39) obtamed good lobule-alveolar growth in monkeys Keece and Mixner 
139) obtained complete lobule-alveolar development m spayed rats and mitia 
n of secretion They also report a 40 per cent moiease of the lactogen content 
the hypophyds as a result of testosterone propionate mjecliona Lacquer 
)42, 1943) observed lobule-alveolar growth in rate and suffiaent lactation for 
Iter sucklings to obtam milk Noble (1039) obtained duct and lobule-alveolar 
iwth in mtaot duct and lobule-alveolar growth m mtact rats by testosterone 
opionate Injeotions but only mpple growth resulted when the animals were 
anectomiied and hjiiophysectomired Leonard and Reese (1942) likewise 
led to obtam mamroarj growth with testosterone propionate in hypophysec 
mixed rats Forbes (1942) studied the ago differences m response to testoster- 
e propionate implantation findmg no mammary response in prepubertal 
moderate response m pubertal and complete response m post pubertal male 
id female rata This age difference in response may account for some of the 
nflicts m the hterature as to observed effects of various treatments 
Reese (1941) foimd that androsterone was meffective while Mbmer and 
iimer (1942o) found testosterone tmd testosterone propionate ineffective and 
hydroandroslerono effective m produemg mammary development m spayed 
ice 

Mixner and Turner (1941b) reported pregnenmolone to have lobule-alveolar 
imulaling effects Seljm (1941) reported acetoxy pregnenmolone to be only 
Ightly less effective than desoxycorticosteronc Mixner and Turner (1942c) 
iwcvcr, found it to bo only about one-fifth as active Usmg spayed ^cc as 
isay animals these workers have reported the mammogemc properties in 
rms of progesterone for the following steroids to be desoxycorticosterone 
'2, dehydroandroeterone 1/3, acctoxypregnonolone 1/4, methyl testosterone 
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1/25, and testosterone and testosterone propionate as being ineffective Unless 
there,;is a species difference their failure to get mammaiy growth response from 
testosterone and testosterone propionate is difficult to explam as all other work 
mdicates that these substances are effective in promoting lobule-alveolar growth 

Lactation With the exception of the last tivo years when relatively few 
pubhcations have appeared a large hterature has developed on the complex 
phenomenon of lactation In general the contributions m this field can be 
rather sharply divided between those that deal with the endocnne and those 
that deal with the biochemical and other physiological aspects of the problem 
While the work m recent years has added much for a better understandmg of 
this complex phenomenon much is still obscure and considerable controversy 
exists on several details Some of the controversy comes from the rather sharp 
cleavage between those workmg on the endocnne and those workmg on the other 
physiological aspects of the problem Because of this fact and that there is 
more or less mterdejiendence of all the ph 3 'sio]ogical aspects of the problem it is 
deemed advisable to forsake the idea of limitmg this renew to the endocnne 
phases and mclude the biochemical and other physiological problems as well 
Such a plan obviouslj' necessitates the forsakmg of some of the details that a 
more hmited approach would penmt 

For ease m treatment the discussion will be dinded mto the following four 
heads A, endocnne factors, B, time when milk is secreted, C, milk and blood 
equilibnum factors, and D, synthesis of milk 

A Endocnne Factors It is w'ell known that the mammary gland may be 
well developed, such as m pseudopregnancy or by the administration of mam- 
mogemc prmciples without lactation occumng This fact is taken as a pnon 
that other factors than those necessarj' for mammarj’ development are essential 
for lactation In search for these factors studies have led to the possible r61es 
played bj' the hypophj’sis, thyroid, adrenals and pancreas 

1 The anterior pituitary Stncker and Grueter (1928) started the long list 
of mvestigations of the hj’pophj'seal function m lactation when thej’- reported 
mitiation of lactation m pseudopregnant ovanectomized rabbits by the mjection 
of an aqueous extract of the antenor hypophysis Smce then efforts have been 
directed toward the identification of the hypophyseal fractions that are lacto- 
gemc While major efforts have been expended in studies on the so-called lacto- 
gemc factor (prolactm) conclusive exudence is at hand to mdicate other hy- 
pophyseal fractions contnbute m a major w ay The reports on effects of vanous 
fractions are difficult to evaluate m many instances because of the impunty of 
the substances used Until veiy’^ recently none of the so-called AP fractions 
have been free from contammation and now only one, prolactm, is obtamable, 
m pure form 

Although much of the effect upon lactation attnbuted to prolactm is due to 
substances with which the preparation used was contaminated a number of 
facts pomt to its bemg one of the hypophyseal lactation factors While Gardner 
and Turner (1933) and Nelson (1934) have proposed other methods for analysis 
the standard test animal is the pigeon and the test is based upon the crop growth 
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stimulation It is agmficant that the prolactin content of the hypophysiB vanes 
as to speaes, physiologic stage and age, first reported by Bates et al (1936), and 
smce added to by many Reece and Turner (1937a) found the hypophysis of 
dairy cattle to contain sigmficantly more of the hormone than those of beef 
cattle and less m calves than m older animals In another report (1937b) these 
workers found the administration of estrogen to increase the prolactm content 
of the hypophysis In another report, Rceco and Turner (1937o) found the 
stunulus of nursmg to increase the hormone Reece (1939) working with gumea 
pigs found the greatest hypophyseal concentration of the hormone m lactation 
with successively decreasmg amoimte for late pregnancy, cstrus, early preg 
nancy and diestnis Holst and Turner (1939) found no mcrease m early preg 
nancy, little mcrease m late pregnancy, and large increases following parturition 
in rabbits and gumea pigs In pseudopregnant rabbits, Meites and Turner 
(1942a) found no increase in the prolactm to that of the normal Lewis and 
Turner (1941b) were able markedly to mcrease the prolactm content of rat 
pituitanea by the admmistration of etitbestrol and (1942b) obtained similar 
results with estrone mjectiona m male rabbits Prolactm has also been identified 
in the urine of lactatmg women by Lyons and Page (1941), Tumor and Meites 
(1941) and Ehrhardt and Voller (1939), in the blood and unne of pregnant and 
lactatmg mares by Leblond (1937), m placentas by Turner and Meites (1941) 
and m the unne of babies secretmg witch’s milk by Lyons (1937a) 

The differences observed by Chance ct a! (1039) m the prolactin content of 
the hypophysis m different species shows no relation to their lactation capacataes 
They report but httle of the hormone m the hypophysis of the horse, most m the 
sheep, with man, swine and cattle m between m ascendmg order 

Smce lactation is abolished by hypophyscctomy it is only natural that replace 
ment therapy in the hypophysootomiied ammal should be used m the earher 
work m a study of the lactogenic hormone or hormones of the hypophysis 
Among the successes m raamtaining lactation m the hypophyseotomiiod ani 
mala by administration of pituitary CTtracta are the reports of Riddle et al 
(1933) for rats, Lyons et al (1933) and Housay (1036a, 1930) for the dog 
Mcphail (1936) for the cat, Strieker and Gmeter (1928) for the rabbit Nelson 
and Gaunt (1936) and Gomes and Turner (1930) found that a more purified 
preparation of prolactin failed to initiate lactation m bypophysectomised gumea 
pigs and pomted the way for search of other hypophyseal factors involved in 
lactation 

The effect of antenor pituitary extracts admmistered to larger normal ammals 
has been reported by a number of workers. Gmeter (1930), Evans (1933) and 
Asdell et al (1936) observed marked stimulation of lactation m goats as did 
Kabak and KisUstem (1933) m sheep In the cow Gmeter and Stneker (1929), 
Asimov and Kroutc (1937), Follej and loung (1937, 1938, 1039) and others 
have reported marked increases m ndlk production subsequent to the injection 
of a cmde extract of the antenor hypophysis 

Stockklausncr and Damn (1932) are the only ones to have reported a declme 
in lactation in cows followmg hypophyseal extract administration In all 
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experiments of this kmd it has been found that lactation mcreases are the 
greatest -nhen treatment is made m the dechnmg phase of the lactation It 
should also be noted that the benefits from treatment are as a rule only temporary 
even when treatment is contmued over a penod of time (Folley and Young, 1940, 
1941a) 

As mth hypophysectomized laboratory animals v hen the more purified prolac- 
tm was admmistered, Folley and Young (1939, 1940, 1941b) and Sykes et al 
(1942) found the benefits to lactation are greatly diminished The reports of 
Bergman and Turner (1940) and Lyons (1937b) m which they obtamed engorge- 
ment of the glands of pseudopregnant rabbits with prolactm treatment maj 
seem confusmg However, these had mtact hypophyses presumably capable 
of producmg the other necessary hormones There is also a question as to the 
quantity of milk that can be produced under those conditions and certainly the 
preparations used were not pure prolactin as now produced by the method of 
Li et al (1940 to 1941) 

From these reports it is obvious that the antenor pitmtaiy contains lacto- 
gemc pnnciples and it is also equally clear that prolactm is not the only lacto- 
gemc hormone A question may even be raised as to the function of prolactm m 
lactation as it is not peculiar to the lactatmg female It is found m pitmtanes 
from all animals and classes Eabald and Voss (1939) have shown it to be 
present m the hver and Lyons (1937) found it m the urme of men Prolactm m 
lactation is therefore not a problem of quahty but rather one of quantity 

The lactogenic hormone has been used extensively m attempts to increase 
lactation m the puerpenum with mostly negative results Kayser (1940), Stewart 
and Pratt (1939), Werner (1939) and many others w'ere unable to observe any 
beneficial effects from the admmistration of relativel}’’ large doses and frequently 
imdesirable reactions were noted Kenny and ICmg (1939) and Kurzrok et al 
(1939) are among the few reportmg benefits to lactation m women from lactogen 

The effect of prolactm upon carbohydrate metabolism is suggested by Folley 
and Young (1941b) as possibly bemg more important to lactation than the direct 
action upon the mammary gland In a recent report Schooley et al (1941) re- 
emphasized the r61e of prolactm m enlai^g the abdommal viscera, promoting 
bodj’ growdh and mcreasmg appetitite m the pigeon The luteotrophic proper- 
ties of prolactm recentlj'- discovered and reviewed m the previous section is also 
a matter to consider m the re-evaluation of the r61e of prolactm m lactation 
This is especially so m light of the report by Lyons (1941) where lactation was 
mduced m normal female gumea pigs by mjection of prolactm commencmg not 
later than the third day following estrus WTien the mjections were started on 
the fourth day followmg estrus, or later, lactation was not mitiated These 
results are difficult to explam as the assumption must be that the action of the 
prolactm must be through the corpus luteum and there is no evidence that this 
body IS necessary for lactation Ovanectormzed animals often have been 
brought mto and mamtamed m lactation 

The adrenotropic hormone has recently been shown to be essential and mthout 
it lactation can neither be initiated nor mamtamed Sopie of the successes with 
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6o-called prolactin preparations must be laid to the contamination of such 
preparataons with the adrcnotropic -fraction 

2 The adrenals It has been knoiNTi for some time that ablation of the 
adrenals causes complete inhibition of lactation (Carr, 1931 , Swingle and Pfiffner, 
1932, Gaunt, 1933, and many others) Administration of cortical extracts prc 
vented lactation failures and before the purification of the vanous adrenal 
cortical hormones led to speculation as to the active prmciple A number of 
reports includmg Nelson and Gaunt (1936, 1937a, 1937b) Schultze (1937) and 
Gomes and Turner (1936, 1937b) have obtained complete relief from adrcnalec 
toray symptoms by administration of extracts of the adrenal cortex This has 
led to speculation as to the active pnnciplc Brownell et al (1933) proposed 
a special lactation hormone in the adrenals and more recently Spoor, Hartman 
and Brownell (1941) ha\e reported that on extract from the adrenals, not 
prolactm, is more powerful m pigeon crop stimulation than the adrenal (cortm) 
hormone (jaunt and Tobm (1936) and Hurst, Meites and Tijmer (1942), 
however, were unable to detect any lact(^!^c hormones m the cortical extract. 

With the advent of the isolation and punfication of the different cortical 
pnnciples new light has been shed on the fractions mvolved m lactation Gaunt 
(1941a, 1941b) has shown that desoxycorticosterono is mcapable of mamtaining 
lactation after adrenalectomy As a matter of fact, there was evidence that it 
had an mhibitory effect. Nelson and Gaunt (1937a) however, observed that a 
little lactation could be mduced m hypophyseotomlzcd guinea pigs with lactogen 
and a high salt diet Agam these workers (1937b) found m the rat that desoxy 
cortiooeterone had a slightly beneficial effect upon lactation They concluded 
as did Lc\'enstem (1937) that alterations m the electrolyte and water balance 
such as ore affected by dcsoxycorticostcronc have an adverse effect upon lac 
tation 

That carbohydrate metabolism disturbance is more important than the water 
and electrolyte balance while suggested by Gomez and Turner (1930, 1937b) 
was demonstrated by Gaunt, Eversolc and Kendall (1942) and Nelson, Gaunt 
and Schwcircr (1943) They showed that lactation could not be mduocd m the 
hypophysectomized guinea pig with lactogen and desoxycorticosterone but with 
the carbohydrate metabolism fraction, 17 hydroxj 11-dchydrocorticoeteroneand 
lactogen copious lactation was mduced They also report that dcsoxycorti 
costerone had an inhibitory effect upon lactation m the gumea pig The report 
of Lait (1941) that a crude AP extract plus prolactm caused lactation in adrenal 
cctomized rats is difficult to reconcile. 

The mflucnce of the hypophysis upon the adrenal is well known Apparentlj 
there is no reaprocal effect, at least insofar as prolactm is concerned Mcites, 
TnmUn and Turner (1942) haw reported that the lactogen content of the rat 
hypophysis Is not affected m adrenalectomy Jones and Nelson (1042) propose 
a significant relation between the hjT>ophyai8 and the adrenals They found 
that stilbcslrol acts upon the hypophysis to stimulate secretion of the adrenotro 
pic hormone and it m turn cau’^cs increased secretion of the adrenal carbohydrate 
metabolism hormone 
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As m other cases m which endocrmes are involved the pregnant state exerts 
an influence Tobin (1940) found that adrenalectomy before or durmg preg- 
nancy does not necessarily cause abortion but lactation failed after parturition 
even when the glands were well developed 
Smce progesterone can substitute for desoxycorticosterone to some extent 
mamtenance of the corpus luteum dunng pregnancy may be a factor m the 
well bemg of the pregnant adrenalectomized animal The effect of secretions 
by the placenta and fetus, however, should not be overlooked 
On the basis of the work reported to date a conclusion is warranted that the 
adrenals serve m lactation primarily by the secretion of the carbohydrate 
metabolism hormone 17-hydroxy-ll-dehydrocorticosterone Also that desoxy- 
corticosterone is necessary to prevent water and electrolyte disturbances but m 
larger quantities has an inhibitory effect upon lactation 
3 The ihyrotd The relation of the thyroid to lactation contmues to be the 
subject of mvestigation by means of thyroidectomy, hypophysectomy, and 
thyroid administration to normal lactatmg ammals Considerable disagree- 
ment exists as to the r61e of this gland m lactation Dragstedt et al (1924) found 
that thyroidectomy did not influence lactation m the dog provided tetany was 
prevented Nelson and Tobm (1937), Kamofsky (1942) and Nelson (1939b) 
concluded similarly for the rat FoUey (1938, 1942), Prenheun (1940) and 
FoUey, Scott Watson and Amoroso (1942), however, report sigmficant dimmu- 
tion m milk secretion following thyroidectomy m this species In the goat 
Trautmann (1919) reported marked decreases m thyroidectomized ammals while 
Bibbs et al (1941) obtamed lactation for more than a year following thyroidec- 
tomy In the thyroidectomized cow, Graham (1934a) reported only a shght 
depression m nulk yield while Spielraan et al (1944) noted sharp reduction 
m milk production 

In thyroidectormzed animals no evidence exists that the administration of 
either thyroxme or the thjTotropic hormone assists m the mitiation of lactation 
In the administration of thyroid and thyroxme to mtact lactatmg animals the 
large number of reports warrants the conclusion that such administration will 
mcrease milk yields and fat percentage Graham (1934a, 1934b), FoUey and 
White (1936), Herman et al (1938), Hurst et al (1940), Dastur and Smith 
(1939) , Ralston et al (1940) , and Remecke and Turner (1942) have reported 
mcreases m both milk yield and fat percentage foUowmg th 3 Troid or thyroxme 
administration to cows Jack and Bechdel (1936) observed only mcreased milk 
yield De Fremery (1936) observed a decrease m milk yield m goats as a result 
of thyroxme mjections probably due to too large doses Probably for the same 
reason Grumbrecht and Von DQsterlo (1937) obtamed decreased lactation m 
the gumea pig folloivmg mjection of the th 3 U'otropic hormone While Bergman 
and Turner (1943) could not demonstrate any mcrease m the thyrotropic hor- 
mone m the hypophysis of pregnant and lactatmg rabbits, m contrast FoUey 
and Young (1939, 1940) found hypohs^seal extracts contammg the thyrotropic 
prmciple more effective m mcreasmg milk yields than preparations without 
this factor 



LACTATION 


363 


It 18 apparent that the thyroid is not essential for the mitiatioii of lactation 
and therefore is not lactogenic m the strict sense That the thyroid hormone 
exerts a significant influence upon lactation must also be concluded. Its influence 
on lactation is imdoubtedly due to its efleots upon metabolism Smee milk fat 
yields are affected more than total milk the report of Dastur and Smith (1939) 
that thyroxme admmistration causes a decrease m phosphobpids, glycendes 
and fatty acids m the blood are of mterest In these animals the milk fat wae 
mcreased by 40 to 60 per cent 

Dmitrophenol, while havmg marked effects upon the metaboUc rate was 
found by Graf et al (1940) to have no effect on milk yields m cows when ad 
ministered m small doses With large doses there was a marked dumnution of 
milk yields as well as marked changes m milk composition Brower and Martin 
(1938) made similar observations on goats 

While as early as 1924 Dragstedt et al reported that it was necessary to control 
tetaiiy resulting from ablation of the parathyroids m order to mamtain the 
level of milk yield in the dog H remamed for Policy (1941a) and FoUey, Scott 
Watson and Amoroso (1942) to demonstrate that the parathyroids ore essential 
for optimum milk yields 

4 RdU of panertas No recent reports on the relation of the pancreas has 
been found The work of Nelsoot Chaikoff and Lyons (1933) indicates that 
some lactation may take place m the depancreatixed dog although it is greatly 
impaired At this tune there is no evidence that insulm has any direct action 
upon the mammary gland but that its effect upon carbohydrate metabolism is 
responsible for the influence on lactation 

6 Stariuig laciaium In normal conditions the mammary gland develops 
during pregnancy, and lactation as it is usually understood begins followmg 
parturition Much evidence vxda stepra has been presented that the lactogenic 
hormone is greatly increased at the time lactation begins As to the mechanism 
responsible for the release of the lactogemo hormones at this time httle concrete 
evidence and much speculation has been advanced These speculations fall 
into 4 main groups as brought out bj Meiles and Turner (1942c) as follows 
1, corpus luteum, 2, the placenta, 3, mechanical distenticm of the uterus and 4, 
the estrogen 

One of the oldest postulates is that the corpus luteum prevents onset of lacta 
tion Expression of the corpus luteum m goats by Drummond Robinson 
and Asdell (1920) and m rats by Selye et al (1934) resulted m lactation with the 
obvious conclusion that this body was the inhibitory factor Ansclmino and 
Hoffman (1030) and Folley and Kon (1937) and others have failed to note any 
inhibition of lactation from the injection of progesterone mto lactating animals 
indicating that if the corpus luteum is the responmblo body the mhibition must 
be due to some other secretion than the progestational hormone. The hy 
pothcsis, however, is untenable m the hght of the well known fact that copious 
lactation ma> prev'ail dunng pregnancy with well developed corpora lutea in 
woman, the cow, and the goat 

That the placenta inhibits lactation is supported by the work of Frankl 
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(1923), Nelson (1934) and Smith and Smith (1933) who observed mhibition of 
lactation when placentas were retamed or transplanted In contrast, however, 
Litt (1933) with rabbits and Selye et al (1934) with mice were unable to observe 
any inhibitory effect upon implantation of placentas Further evidence agamst 
this hypothesis is the fact that placentas which are frequently retamed m cows 
do not inhibit lactation and also the well known fact that m several species copi- 
ous lactation may occur dunng the entire pregnancj’- 
Mechanical distention of the uterus as the inhibitory factor is subject to the 
same objections as a satisfactory explanation of the problem Selye (1934) and 
Selye et al (1934) found fillmg the uterus with parafin following removal of the 
young by Caesanan section prevented lactation Bradbuiy (1941) and Greene 
(1941) usmg the same technique could not confirm this observation They 
explained the apparent failure to be due to the effects of the operation as, fol- 
lowing recovery, from the effects of the operation they observed lactation in 
animals with their uten filled with paraffin 
That estrogen will inhibit lactation in animals is weU established by a large 
number of reports but much larger dcses are needed for this effect than would 
be present in pregnancy Among the many reports deahng with the expen- 
mental inhibition of lactation are thosi of De Jongh (1933) and Robson (1935) 
for the mouse, Recce and Turner (1937), Bacsich and Folley (1939) and Folley 
and Kon (1937) for the rat, and Folley (1936, 1941c) for the cow 
Among the large number who have reported success m mhibitmg lactation 
and preventing pamful post-partum engorgement of the breasts are Kurzrok, 
Bimberg and Livmgston (1942), Jeppson, Kasabch and Ivanter (1942), Diddle, 
Nagyfy and Sells (1942), Diddle and Keettel (1942) and Barnes (1942) The 
reports of Arabanel and Goodfnend (1941) and Arabanel and IQem (1941) con- 
firm the effects of estrogen on preventing painful postpartum engorgement of 
the breasts but they question the inhibitory effect upon lactation claumng that 
lactation will contmue if the infants nurse Novak (1943) on the basis of 
clinical expenence concurs ivith this view 
Those w'ho have observed mhibitory effects of estrogen upon lactation found 
that treatment to be effective must begm in the early puerpenum When lac- 
tation had become established no mhibitory effects were noted Administra- 
tion of diethylstilbestrol to lactatmg cows by Folley et al (1941d) and Spielman 
et al (1941) caused no dimmution in milk jnelds but ennehed the milk m fat, 
protem and sugar The androgens, particularly testosterone, have also been 
used chmcally to inhibit lactation and to relieve pamful post-partum engorgement 
of the breasts with vaned success Jeppson et al (1942) reported testosterone 
propionate was helpful m inhibiting lactation but of no value m rehevmg painful 
engorged breasts m the puerpenum Fieischner and Kushner (1941), however, 
reported that testosterone offered complete relief of pam and engorgement m 
68 per cent of their patients and Heilman and Auer (1941) found it to inhibit 
lactation in 35 out of 77 women 

Nelson, Gaunt and Schweizer (1943), Gaunt, Eversole and Nelson (1942) and 
others have observed that desoxycorticosterone has an inhibitory effect upon 
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lactation and that guinea pigs are more sensitive than are rats Smcc estrogen 
testosterone and desoxj corticosterone all stimulate mammary groivth and all 
have been reported to mhibit lactation, Nelson, Gaunt and Schweiser (1943) 
advance the idea that all substances that stimulate mammary growth have an 
inhibitory effect upon lactation The fact that largo doses of estrogen failed 
to inhibit lactation in milking cows, that there is a question about estrogen 
and testosterone inhibiting lactation m women and that progesterone which 
stimulates lobule-ah eolar lactation growth raises a question about the validity 
of such a statement under all conditions 
The fact that the mhibitorj effect of estrogen upon lactation m women has 
been reported to be far more effective in the early puerpenum than when lacta 
tion becomes established pomts to a greater sensitivity of the mammary gland 
before initiation of lactation to the inhibitory substances. However, prepartum 
inhibition of lactation is not the onlj factor mvolved It is well known that 
cows may be brought mto full lactation before parturition by the stimulus of 
milkmg To the reviewer it seems more logical to look for some sthnulatmg 
factors as being responsible for postpartum lactation than to attempt explammg 
the phenomenon by the removal of prepartum inhibitory factors 
Turner and Meitca (1942o) proposed the two primary requisitions for copious 
lactation as being (a) well developed mammary gland and (b) high lactogen 
content of the anterior hvqiophysis Both of these are satisfied before partun 
tion Lyons (1937b) and Bergman and Turner (1940) have shown that mDk 
secretion begins some time before parturition ns the enlargement of the mam- 
mary gland in late pregnanev is due to the engorgement of the alveoli by secre- 
tory products The characteristics of colostrum milk add further support to 
a prepartum secretion because its chemical and physical properties are those 
expected ns the result of eqiiihbna forces exerted upon retamed mdk (Petersen 
and Rigor, 1932a) In view of these facts it is apparent that postpartum milk 
flow IS not duo to an mitiation of secretion at that tune but mther a bcgmnmg 
of ejection of the alveolar contents Elj and Petersen (1941) advanced the hj 
pothesis that ejection of milk from the alveoli was due to oxytocm secreted 
reflexly by the postenor pituitary ns a result of the milkmg stimulus Smeo 
oxj-tocm is secreted dunng jiartuntlon this will account for the initiation of 
milk flow which is kept up by the subsequent stimuli of nursing or milking 
Reoco and Turner (1930, 1037o) observed that the act of nursmg malntamed 
high levels of lactogen in the pituitarj , and Hooker and Williams (1 910) rcjxirtcd 
that lactogen injections retarded the rate of marmnarj involution Stewart 
and Pratt (1941) for women and 'Wffllinms (1941) for mice have added additional 
evidence for the stimulating effects of nursing upon lactation Other facts sup 
porting the hj-fiothesis that postpartum lactation is duo to the introduction 
of stimulatmg factors rather than the abohtion of inhibitory factors will bo dealt 
with m the section on ‘let dowa of milk,” 

The question may be raised as to how nursing stimulates the production of 
lactogen m the pituitary suggested by Mcites and Turner (1942o) BTiilo they 
suggested a direct effect, that is the nursing stimulus, reflexly stimulated the 
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secretion, two other alternatives exist Since nursing stimulates the hberation 
of a postenor pituitary hormone it m turn may stunulate secretion of the lacto- 
gemc hormone Another alternative is that evacuation of the mammary 
gland may be the stimulatmg factor 

B Time of Milk Secretion Smce no recent reports have appeared on the 
subject it must be taken for granted that the problem of the time v hen nmlk is 
secreted durmg the intenm between milkmgs is settled The older view ad- 
vanced by Isaachsen (1923), Maxwell and Rothera (1916) and more recently 
by Ingelbrecht (1936) that a large portion of the milk is secreted durmg the 
nursmg act is untenable The view advanced by Petersen, Palmer and Eckles 
(1929a), Swett, Miller and Graves (1932), Gouen and Tobbey (1928), that 
the milk is secreted m the mtenm between miUongs, now prevails The study 
of pressure relations to the rate of milk secretion by Petersen and Rigor (1932b) 
and Ghimson and Turner (1936) mdicates that the rate of milk secretion decreases 
as the milk accumulates m the alveoh The work of Shaw and Petersen (1940) 
shows that there is no uptake of blood precursors for milk durmg the milkmgand 
mdicates a complete cessation of milk secretion at this time The phenomenon 
of let down of milk in many cases has been mistaken for milk secretion 

C Equilibrium between Blood and MilK It is well known that milk and blood 
have the same total osmotic pressure 6 6 atmospheres What is not generally 
appreciated is that the two are not in equilibnum and it may well be that the 
lactogenic hormones have somethmg to do mth the establishment of the forces 
necessary to mamtain a state of non-equilibnum between them As yet Simms 
(1931) 18 the only one to have studied the problem of differences between the 
constituents of blood and mdk as related to equilibria phenomena Accordmg to 
him, on a molar basis the ratios of concentration m milk as compared to blood are 
fat, 20, sugar, 40, potassium, 7, calcium, 14, magnesium, 4, and PO 4 , 7 to 1 
Blood on the other hand contains 2, 4 and 8 times as much protem, chlorme and 
sodium, respectively, as does milk It is signiOcant that none of the major 
constituents m milk has the same concentration as a similar constituent in the 
blood 

For other constituents the concentrations m the blood and milk are identical 
This has been shown by Peskett (1934) to be the case ivith urea and probably the 
same inth unc acid, creatine and creatmine Kolda (1926) reviewed an extensive 
literature on the passage of blood constituents of a dietary ongm mto the milk 
and Petersen and Brereton (1942) have reported on several mhaled substances 
passmg mto the milk The mammary gland therefore acts as a permeable 
membrane to many blood substances while for others there is selectivity One 
can only speculate on the nature of the selective mechanism The fact that 
sodium bicarbonate is not found m milk can be accounted for bj”^ postulatmg that 
the mammary membranes are impermeable to it Postulation of partial per- 
meabihty Mill account for those substances found m lesser concentration m milk 
than m blood Wnght (1928) has presented evidence that calcium levels may 
be built up m the milk by combinmg uTth casern and phosphorus and thus 
raamtam a Donnan equihbnum msofar as this constituent is concerned Other 
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cOnstituentB not m equilibrium cannot be explamed on this basis and what is 
more must await further work before a satisfactory explanation can be advanced 
The best evidence for the existence of forces that prevent milk from cotmng mto 
equilibrium with blood is that several conditions will set mto motion mutual 
exchanges between blood and milk constituents Conditions that will bring this 
about are infusion of various substances mto the lactatmg gland, development 
of mtra-alveolar pressures of miffiment magmtude and by general physiological 
disturbance mcludmg gland pathology 
Petersen and Rigor (1932c) and Garrison and Turner (1036) have studied m 
detail the effects of imgatmg the cow ’s mammary gland with distilled water and 
vanous concentrations of solutes Filling the gland immediately after milking 
with distilled water redueed subsequent milk flow but slightly and had htUe effect 
upon the character of the milk. With increasing salt or sugar concentrations m 
the infused flmd there were progressive decreases In the amounts of secretion and 
alterations m character In general the values for protem, total solids, mmeral 
matter, catalase and pH increased and lactose decreased The reviewer and 
co-workers have accumulated considerable unpublished data on the effects of 
blood serum, gums, gelatm, starch, fats, oils, vanous other agents thou^t to 
have therapeutic value m the treatment of mastitis and have found that only 
water or water with sulfanilamide have bttle or no disturbing effect upon either 
the quantity or quality of rmlk. Hucker and Lee (1032) reported a low sodium 
cblonde (0 12 per cent) solution as well tolerated While it is strange that an 
Isotomc salt solution should have such a depressmg effect upon lactation when 
infused, stranger still is the marked deletenous effect of infusmg back mto the 
gland the freshly drawn milk as reported by Jackson and Rothera (1914), David 
son (1920) and Garrison and Turner (1030) The disturbance bj rcmtroduction 
of the milk was of a sirailar magmtude to that of physiological saline solution 
The early attempts by Neusoh (1910), Isaachsen (1023) and Tgetgel (1926) m 
determmmg the secretion pressure developed m the udders of cows by means of 
manometers coimected with the gland smus were m error They either measured 
the hjiiroetatio pressure of the milk m the smus or the much greater pressure from 
the let down of the milk Petersen and Rigor (1932b) and Garrison and Turner 
(1930) attempted to measure the maxunum Intrn-alveolar pressure against which 
milk would be secreted by insufflating the udder with air by the former, and 
oxygen by the latter The former found 26 mm Hg and the latter 40 mm Hg 
as the maximum pressures against which milk will be secreted It Is also estab- 
lished that as the mtra-nlveolar pressures increased the rate of milk secretion 
decreased The increased milk production observed by dairynien by more 
frequent milkmg is eiplamed by such a procedure keeping the intra alveolar 
pressure to a minimum and getUng the optimum rate of milk secretion Lud 
wick, Spielman and Petersen (1041) milked one side of the udder three times 
daily to gain 16 per cent In milk production over the sido milked but twice dally 
The effect of leaving the milk m the mammary gland for varying periods of 
time after the maximum intra alveolar pressures had developed was found 
by these workers to alter the composition of the milk Apparently as soon 
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as milk secretion ceases because of pressure the milk begins to come mto 
eqmhbnum -ftith the blood Colostrum like milk can be produced at any 
time of the lactation by suspendmg rmlking for a long enough penod of 
time Undoubtedly natural colostrum is the result of fillmg the alveoh with 
secretion products some tune before partuntion so that partial equihbnum 
with the blood has been established Petersen and Rigor (1932a) shoived 
that once the milk had been changed by reframing from milkmg, several 
days of regular mdkmg were required before the milk became restored to 
normal Porcher and Muffet (1930) observed that the casern decreased and the 
globuhn mcreased m milk retained m the gland beyond the normal length of tune 
If miUong is delayed sufficiently long all of the milk m the gland is resorbed and 
mvolution occurs (\^^aJ^le, Eckles and Petersen, 1933) 

Graf, Ludmck and Petersen (1940) and Brower and Martm (1938) adraims- 
tered dmitrophenol to covs and goats, respectively, and found a marked dis- 
turbance m the gland resultmg m it becommg permeable to sodium bicarbonate 
and the nulk became alkahne Other changes in the duection of colostrum milk 
were also observed Apparently this drug had a direct effect upon the perme- 
ability of the gland cells Changes in the composition of mdk in chrome mastitis 
are also m the same direction to mdicate that any disturbance to the secretory 
cells affect their permeabihty to vanous milk and blood substances 

D The Synthesis of Milk If the number of contnbutions to the literature is 
a entenon the study of the synthesis of imlk has suffered more than its share of 
loss due to the war because very few reports on the subject have appeared during 
the past two years Immediately precedmg this penod, by the same entenon, 
there was great actmty m this field One is impressed with the efficiency of 
the mammary gland Graham, Houchm, Peteison and Turner (1938) calcu- 
lated that only 10 per cent of the total energy' uptake as determined by analysis 
of mcommg and outgomg blood m the goat was used by the gland itself Games 
(1928) calculated the overall efficiency of lactation to be 52 6 percent m the cow 
or that 52 6 per cent of the energy intake above mamtenance requirements is 
returnable m the milk 

Several people hav'e studied the ratio of blood flow through the gland to the 
amount of milk secreted Detemunmg the mammary gland uptake of glucose 
in goats by arteno-v enous difference and assummg quantitative conv'ersion of 
glucose mto lactose, Graham, Jones and ICay (193G) calculated 500, and Lintzel ' 
(1934) 256 volumes of blood per volume of milk Usmg the thermostromuhr, 
Graham (1937b) found a ration of about 250 to 1 which is m agreement with the 
values obtamed earlier by Jung (1933) using a stromuhr Shaw and Petersen 
(1938c) calculated a ratio in the cow of 387 to 1 on the basis of calcium uptake 
and 391 to 1 on the combmed glucose and lactic acid uptake assuming the latter 
two are quantitatively used for the formation of lactose 

The lack of agreement among the reports cannot be fullj' explamed Part 
may be due to a state of excitement m the ammal when samples are taken or 
measurements made Shaw and Petersen (1939) observed as much as 14 per 
cent change m blood concentration due to excitement w’hen blood samples are 
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taken Reuiecko, Stonecipher and Turner (19il) recognmng the effects of ex 
citement ha%e proposed anesthetizing the animal when observations are made 
but in so domg probablj mtroduce other errors such as changed circulation and 
metabolism Smce there is a question about the disposition of glucose m the 
mammary gland calculations based upon its quantitatu e conversion mto lactose 
are subject to question 

Fat metabolism in tfie mammary gland Milk fat is quantitativel> tbe most 
mnable constituent in milk Because of its great variation m milk from the 
same mdindual it is suggested that its synthesis m the raammarj gland is gov 
erned bj some factors not mvoUcd m the secretion of other milk constituents 
The problem of fat synthesis m the mammary gland baa been attacked by many 
workers and from a number of different angles The first attempt at determm 
mg the blood precursors of milk fat was made by Meigs et al (1919) usmg the 
Kaufmann and Magne (1900) techmque m which they concluded that the blood 
phosphohpida were used for the formation of imlk fat Usmg the arteno-venous 
difference techmque, Blackwood (1934) Lontiel (1934) Graham, Jones and Kaj 
(1930) Maynard, McCa> Ellis and Hodson (1938) Shan and Petersen (1940) 
and Vons et nl (1940) demonstrated that the mammaiy gland takes up neutral 
fat from the blood These norkcrs os well as Aten and Heies> (1938) were un 
able to detect anj uptake of phospholipids 

Hilditch and Paul (1930) and Hilditoh and Jones (1930) suggested that the 
short chamed fattj ands result from a breakdown of the long chamed aoids 
taken up from the blood The w ork of Shaw and Petersen (1940) demonstratmg 
that more than enough neutral fat is taken up bj the mammary gland to account 
for the imlk fat lupports this new Additional suppiort to the thcorj that the 
short chamed acids of milk fat result from partial oxidation and reduction from 
longer fattj acids is found m the reports of Gowen and Tobbey (1928) and Peter 
sen. Palmer and Eckles (1932b) w ho found the fat of a lactating mnmman, gland 
to be mtermediate m composition between milk fat and bodj fat while that of the 
non lactatmg gland was similar to body fat The identification of hpase bj 
Ixellj (1938, 1943) and of free fattj acids m the basal part of the secretory-epi 
thehum bj Kellj and Petersen (1939) mdicated that neutral fats are hydrolj-zed 
m the gland 

Because they observed the respiratorj quotient of the lactatmg gland to be 
greater than umty, Graham, Peterson and Houchin (1938) and Reinecke et ak 
(1941) concluded that fat must be formed from carbohjxlrate Shaw (1939) 
also observed the R Q of the maminarv gland is greater than unitj The re 
jdewer and co-werkers hare extensive unpublished data obtained from both the 
intact animals and from excised glands perfused accordmg to the toehmque of 
Petersen, Shaw and ^'isscher (1941) that also show a respiratorj quotient above 
unltj BTule the classical mterpretation is that R Q's above unity indicate 
fat formation from carbohj-drate this Is not necessarily so, as pomted out bj Sos 
km (1941) 

The recent studies showing that the lactatmg mammary gland uses /3-hydroxy- 
butync add adds speculation as to its function m milk fat sjnthesis Shaw and 
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Knodt (1941a) observed that /3-hydroxybutync acid is constantly used by the 
mammary gland m normal conditions and Shaw (1942) reported more than twice 
as great usage m a cow suffermg from ketosis He calculated that all of the oxy- 
gen uptake by the gland would be required for the oxidation of the (3-h>droxy- 
butync acid taken up by the gland m ketosis and about 37 per cent m normal 
animals In another report Shaw and Knodt (1941b) calculated that the ^-hy- 
droxybutync acid taken up by the lactatmg mammary gland is sufficient to 
account for all short chamed fatty acids m the milk up to C» More recently 
Shaw and Petersen (1943) studied the utihzation of ketone bodies usin g the 
perfusion techmque It was found that the /3-hydroxybutync acid utihzation 
mcreases with mcreased amounts m the blood and aceto-acetic acid is not used 
On the basis of the evidence at hand it is certam that blood phosphohpids are 
not the precursors of milk fat In spite of the contrary mdications m the ob- 
served R Q it IS probable that there is no conversion of carbohydrate to fat in 
the mammary gland because more than enough neutral fat is taken up to account 
for the milk fat The part that /3-hydroxybutjmc acid pla 3 rs m the fat metab- 
olism of the mammary gland is only speculative at this time 

Carbohybrate metabolism in the xiammary giand Among the many 
that have shoira that the mammary gland takes up glucose from the blood are 
Blackvi'ood and Stirhng (1932), Lmtzel (1934), Graham et al (1936, 1936, 1938) 
and Shaw, Boyd and Petersen (1938) The assumption is that the blood sugar 
IS used for lactose formation That lactic acid may also be a blood precursor 
for lactose is mdicated by the reports of Graham (1937) and Shaw, Boyd and 
Petersen (1938) who showed that lactic acid is also removed from the blood 
These workers calculated that the lactic acid plus glucose removed from the 
blood would be about enough to account for the lactose m the milk Powell 
and Shaw (1942) later questioned that lactic acid is removed from the blood under 
normal conditions as they could not detect any uptake unless cows v ere excited 
Remecke, Williams and Turner (1941) reported that appreciable glycoproteins 
were removed from the blood and suggest the sugar is split off to become avail- 
able for the carbohydrate metabohsm m the mammary gland 
To what extent lactic acid and the sugar part of glycoprotem are involved m 
lactose synthesis is not known but that glucose is the chief precursor of lactose is 
obvious Low enng of the blood sugar by msulm admmistration is reported by 
Petersen, Hevitt, Boyd and Brown (1931), Brown, Petersen and Gortner 
(1936b), Gowen and Tobbey (1931b) and others to cause a decrease m the lactose 
content of the milk Hypoglycemia produced by the administration of phlond- 
zm has been reported by Patton and Cathcart (1911) and Gowen and Tobbey 
(1931) to produce siTmlnr results Similarly reduction m the lactose content of 
milk was observed by Gowen and Tobbey (1931a) and Overman and Wnght 
(1927) m the hypoglycemia produced m inanition Hyperglycemia is reported 
to mcrease the lactose content of the milk when produced by mtravenous mjec- 
tions of glucose by Nitzescu (1925) but not by Brown, Petersen and Gortner 
(1936c) or Petersen and Boyd (1937) Whitnah, Riddell and Hodgson (1933) 
mcreased the milk sugar by the mtroduction of large amounts of sugar mto the 
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stomach of cows by stomach tube Both hypcrglj cemm and mcreascd lactose 
m the millf urere obtamed by Jones (1936) through thjTOxme admnustration and 
by Bottomley, FoUey, Walker and Scott Watson (1939) by subcutaneous im 
plantataon of epmephnn tablets Intramammary duct mjections of glucose by 
Brown, Petersen and Gortnor (1936c) produced hyperglycemia but no increase 
m lactose content of the milk m the glands not mjected Although the blood 
sugar was not determined the admmistration of stdbestrol to lactating cows ivns 
found to increase the lactoee content of milk by Spielman, Ludmek and Petersen 
(1941) and Folley, Scott Watson and Bottomley (1941d) 

Ifniilo it IB obvious the blood glucose is the chief precursor of milk sugar the 
mode of its convoraon is httle understood Grant (1936) obtamed lactose 
synthesia by incubating mammary tissue slices with glucose and with glucose and 
galactose (1936) Petersen and Shaw (1937) could not demonstrate lactose 
synthesis from glucose and mammary gland tissue unless lactic aad was added 
Smee the mammary gland contains 0^ per cent glycogen (Petersen and Shaw, 
1938) it M ould seem that it must play a part m lactose synthesis W'hatoi’er the 
mtermediato stops are can onlj bo conjectured That the phosphorylated break- 
down products of glycogen occurring m muscles are not mvolved is mdicatcd by 
Grant (1936) who could demonstrate no lactose formation by tissue slices when 
hoxose monophosphate or a phosphoglycerate w as added 

That the systemic carbohydrate metabolism is altered during lactation is 
shown by Cahane (1938) when following removal of the mammary glands of 
gumea pigs he noted mcroascs m blood glucose and hver glinogen and a decrease 
in muscle glycogen Hu postulation that the lactogen hormone causes a con 
version of glycogen to glucose is sigmhcant m light of one of the modes of action 
of lactation hormones 

Nttrogen ^[etaboltm inIhcM ammary Oland Very httle ns j^et is known about 
the nitrogen metabolism m the mammary gland The conclusion by Carj (1920) 
supported by Blackwood (1932) that blood ammo acids are the precursora of 
milk proteins has proven to be at least partly wrong Graham, Houchm and 
Turner (1938), Graham, Peterson, Houchm and Turner (1938), Shaw and Peter- 
sen (1938a, 1938b) and Remcckc, Peterson, Houchm and Turner (1939) agree 
that there is uptake of blood ammo adds by the mammary gland but the quan- 
tity is entirely too small to account for the milk proteins Graham, Houchm, 
and Turner (1937) and Shaw and Peterson (1638a) did not simplify the problem 
by discov enng that nearly suflident urea Is ohmmated bj the mammarj gland to 
account for the mtrogen contained in the anuno adds taken up Of course the 
source of the urea is not known Smeo Shaw and Petersen (1938b) described 
nrginase m activ e mammarj gland tissue one w ould expect some of the urea to bo 
formed bj the action of this cnijme on argmme 

That blood globuhn passes through the mammary cells in small amounts is 
unquestionable because of the identity of blood and milk globuhn That large 
quantities are taken up is claimed by Graham, Peterson, Houchm and Turner 
(1938) and Reinecke, Poteison, Houchm and Turner (1939) Jackson and 
Gortnor (1938) also suggest that blood globulin is a signlHcant precursor of milk 
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proteins Thej^ found globulin to predominate m lactatmg while albumin pre- 
donunated in nonlactating bmune mammary glands Remecke, Wilhamson and 
Turner (1941) reported that appreciable glycoprotem matenal is taken up The 
evidence pomts strongly to blood globulm bemg a prominent precursor of milk 
protems How it is converted into casern or lactalbumm or vhat part the ammo 
acids pjay m the synthesis is not knoira It is sigmficant that accordmg to 
Shaw and Petersen (1938b) unc acid, creatine and creatmine are neither taken up 
nor elimmated 

The ejection or “let dowt^” op ihlk The phenomenon of “let doivn” of 
nulk normally occurnng as the result of the nursmg or milkmg act has been sub- 
ject to much speculation By many it w'as believed to be the result of a rapid 
secretion of nulk brought about by the nursmg stimulus (See section, “Time 
of Milk Secretion ”) Others mterpreted the phenomenon as bemg due to the 
forcmg out of the milk from the alveoli and finer ducts Zwart (1916) w'as one 
of the first to draw attention to the distmction between milk secretion and the 
let doivn of milk but oflfered no explanation as to the mechanism mvolved m the 
latter 

Failure properly to understand the phenomenon has led to a great deal of con- 
fusion As the nervous S 5 ^tem is involved many have sought “secretion” 
nerves which Ribbert (1898) proved was not necessary for mdk secretion as a 
transplanted rabbit gland secreted milk Yet many have sectioned the nerves 
to mammary glands m small animals and have noted adverse effects upon lacta- 
tion (Ingelbrecht, 1935, Selye, 1934, Selyc and Ckillip, 1936, Bacq, 1932, Selye, 
Collip and Thomson, 1932, Cannon and Bright, 1931, and Simeone and Ross 
1938) Ely and Petersen (1941), however, noted no difference m the milk yield 
of the two halves of the cow's udder m one of which the nerve trunk had been 
cut and Labate sectioned all known nervous pathways to the ovary and uterus 
without any effect upon lactation Cannon and Bright noted the adverse effect 
to come m the next lactation following the operation Ingelbrecht resected the 
spinal cord m rats so that the front breasts remamed innervated and made the 
sigmficant observation that the young put on the postenor glands died from 
starvation w hen shielded from the sight of the mother When young were placed 
on the front glands simultaneously with those on the rear, both groups obtamed 
milk Ingelbrecht concluded that most of the milk was secreted as a result of 
the nervous stimulation m nursing 

Tliat the nervous system is involved in lactation is not to be questioned but 
recent work has proven that its function is chiefly if not entirely concerned with 
the expression of the milk from the alveoli and finer ducts and not m its secretion 
Among the manj' theones advanced to account for the phenomenon is that of 
Zeitzmann (1922) who postulated a contraction mechamsm m the gland as bemg 
responsible for retaming the milk Hammond (1936) postulated that the nurs- 
mg stimulus refiexly caused engorgement of the gland ivith blood to squeeze the 
milk out of the alveoli The turgid condition of the gland at the begimung 
of nursmg, held m support of this theorj', is not due to engorgement wnth blood 
but rather to the distention of the lower portions of the gland with milk forced 
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out of the ahToli Ely and Peterson advanced the hjTiothesis that the ‘let 
dovm” of milk in cows was due to a reflex complex m\ olvmg the sensorj nones 
m the stan of the teats and gland which when stimulated caused the secretion 
of the oxytocic principle of the posterior hniophyBiB, and this hormone in turn 
caused contraction of the musculature m the mammary glanij described by 
Swanson and Turner (1941) Many ha\o shown the postenor hypophyseal 
hormones to haio milk expressing properties, begi nni ng with Ott and Scott 
(1910) and later Turner and Slaughter (1030) and many others but Dy and 
Petersen (1939, 1941) iiere the first to advance the idea that the “let down of 
milk ivns caused by the oxjdocic pnnciplc They noted that about 46 seconds 
intervened between the application of the stimulus and the let down of milk 
which agrees with the time required for the pnnciplo to be earned by the blood 
to the mammarj gland m the cow Petersen and Ludmek (1942) demonstrated 
that the pnnciple causing “let down’ of milk w os humoral m nature bj showmg 
that blood taken from cows stimulated to lot down their milk caused ‘lot down” 
of milk when perfused through excised glands while blood taken from cows not 
so stimulated failed In oxperunenls using the perfusion technique, Peterson 
(1942c) added further ovidcnco that the oxytocic pnnciplo is the causative agent 
While the pitrcssor pnnciple caused “let down”, also shown by Tumor and 
Cooper (1941), it required larger quantities and had marked i-asocoastnclor 
effects not noted m the blood from cows stunulatcd to lot down their milk The 
obsanations of Miller and Peterson (1041) that incomplete evacuation of tho 
gbnd resulted if milkmg was delayed after the stimulus for “lot down” liad boon 
applied, also supports tho claim that oxytocin is tho active factor for it is well 
known that this factor is rapidly destroyed m tlie blood 

The importance of considering this phase of lactation is obvious for if tho milk 
IS not remoicd from the gland the effects will be the same ns when there is a fail 
ure of milk secretion That some of tho so-called failures of lactation in expen 
mental nmmala may be duo to fadure m tho “lot down” of milk is mdicated by tho 
report of Gome* (1939, 1940) who obtamed milk secretion m post graxud hypo- 
physcctomircd rats by tho administration of extract of tho posterior pituitary 
'The reported successfid lactation m rats by Smith (1932) and m dogs by Houssay 
(1936a) when tho postenor hypophysis was removed is difHcult to explain 
As to bo expected, Ely and Petersen (1941) found states of excitement may 
completely inhibit response to the mdking stimulus It is not improbable that 
lactation failures, particularly m neurotic women may bo due to a lack of re 
sponso to the stimidius of nursmg Ixnodt and Potersen (1944) ham studied 
three cases of precipitous drops in tho lactation m cows which were due to mcom 
pletc evacuation of the gland at milking as when tho oxytocic hormone was m 
jected, lactation levels were relumed and maintamed They also were able to 
lev el off the lactation curves of cowa in the declmmg phase of complete cvncua 
tion of tho gland at each mllk-ing by tho uso of oxytocin This suggests that tho 
dcclmo in milk yields and ev cn tho ultimate involution of the mammary gland 
may Ixi duo to a diramishmg response to tho milking stimulus and loss complete 
evacimtion of tho gland That the mammary gland of the goat Invmlutes m 
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about 30 days following suspension of nnlkmg ivas reported by Turner and 
Reinecke (1936) They also observed that involution ivas retarded m the side 
where milking ivas suspended w'hen the other side was milked One explanation 
for this retardation may w ell be that ivith each milkmg there was a partial evacu- 
ation of the milk m the alveoli thus permittmg limited secretory activity Addi- 
tional support to the proposition that incomplete response to the milkmg stimu- 
lus IS the cause of declines m the lactation cun^e is found m the report of Mdler 
and Petersen (1941) that milk yields declmed rapidly ivhen evacuation of the 
gland was mcomplete as a result of delay m imlkmg follmvmg the stimulation 
for the “let down ” 
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Studies of nitrogen balance have been used extensively m determining the 
effectiveness with which vanous forms of protein nourishment meet the protein 
needs of the body Without gomg mto a cntical analysis of the accuracy of such 
a yardstick, it may be assumed that, apart from grovrth, the value of any protem 
administered for nutritional purposes must depend to a large extent upon v hether 
it IS able to mamtam nitrogen balance As a corollary to this metabohc pomt 
of ^^ew it may be further assumed that maintenance of nitrogen balance depends 
upon the presence of all of the essential ammo-acids The studies renewed 
herem deal almost entirely with the administration of protem nounshment m the 
form of plasma protem or hydrolyzed protem through the intravenous route 
The importance of this method has become apparent only m the post few years 
and ivill probably mcrease as the necessity of adimnistenng protem nounslunent 
parenterally becomes more widely recogmzed In order to evaluate coiiectly 
their mfiuence on the level of nitrogen output, onl}' studies will be included m 
which the mjected material formed the sole source of nitrogen As will be noted, 
this entenon has been mamtamed as far as protem hydi ol 3 ’sates are concerned, 
mostly for histoncal mterest a few' of the early studies on blood and plasma 
transfusions m humans and m animals were mcluded m which protem food was 
also given bj' mouth No attempt will be made to renew a considerable litera- 
ture on mtrogen balance following the parenteral, usually subcutaneous, injection 
of vanous serums and other protems usually for purpases of immune or non- 
specific protem therapy, much of this data is old and has been reviewed else- 
where (29) Of historical mterest (8) are a few early reports descnbmg artificial 
nutntion, by ivhich was meant the subcutaneous mjection of milk and other 
substances, the term mtravenous nutntion was apparently used even earlier 
(1899) m a report (27) which also contams much of this earher literature 

In the foUowmg discussion vanous observations will be divided arbitranly into 
those m which plasma and those m which hydrolyzed protem was mjected, each 
group IS further subdivided into observations made upon animals and upon 
humans 

PI.ASUA PROTEIN Studies on the mamtenance of mtrogen balance following 
the mtroduction of plasma protem mtravenously mclude the use of whole 
blood as well as plasma transfusions Fractions of the plasma protems have 
been mjected m the human but thus far no data on their metabohc behavior are 
available In the case of whole blood the hemoglobm of the red cells represents 
over twice as much protem as that m the plasma part of the blood, j'et it probablj' 
does not enter mto the behainor of protem metabohsm at least withm the penod 
of daj's usuaUj' mvolved m nitrogen balance studies inasmuch as hemoglobm is 
not catabohzed as long as the red blood cell remains mtact, and with compatible 
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blood, destruction of red cells is a 0 loi\ process A foi\ obscn^tions are included 
m ^hich a solution of hemoglobin has been mjccted However, it is obvious 
that the mjections of plasma alone ore of greatest mterest from the pomt of viei\ 
of protem nutntion and most of the reports do deal therewith 

Annnal expenmenis Largely of historical interest are two studies reported 
m 1876 In the first (10) ti\o fasted dogs were each given a large transfusion 
of defibnnated dog blood and the unno collected and studied for several days 
before and after, but onlj the urea output v\aa measured A 10 to 20 per cent 
mcreaso m urea ivas observed continuing for several daj'S Hon ever, a control 
mjection of 300 cc of glucose mtravenously shon-ed a similar mcrease, suggeetmg 
an untoward reaction, possibly from mfected material These dogs were then 
given horse serum mtravenously, but toxic 83 TnptoinB occurred m tuo and 
there ivas an even larger increase m the urea output Egg white nas given to 
one dog and It was followed by albummuna In the second report (43) two dogs 
u’ere given defibnnated blood, one by mouth, the other mtravenously The 
unnory nitrogen uos mcreased m each experiment, but much greater m the former 
than m the latter 

The earheet modem stud} on nitrogen balance as mfluenced by the mtravenous 
injection of plasma m animals uas not made until 1908 (29) Both swine and 
dog scrum were used, uith the former, smgle doees m 7 dogs produced severe 
reactions and a pronounced negative balance due to a tremendous mcreaso m 
nitrogen output in the unne, accountmg for most or all of that administered 
Dog serum was then given m 3 single doees to 3 dogs and the nitrogen output 
followed for 5 days In 2 of the dogs which were fasted the nitrogen output did 
not change during the day of mjection, even though tho amount of nitrogen 
injected vtbs only slightly greater than tho total dailj mtrogen output dunng 
control periods so that positive balance wan achieved Moreover, there ivas no 
increase m output during the post-mjection period In tho third dog vhioh was 
fed and already In positive balance, there was bkewisc no change m the unnary 
nitrogen dunng or after the mjection, thus mcrcasing tho positive balance on the 
da> of injection bj tho amount mjected More vnnable findmgs are reported 
m another senes of expenments (21) on 4 fostmg dogs given single direct whole 
blood transfusions omountmg to 100 to 200 cc In tho first expenment the nitro- 
gen output increased gradually bo that it doubled on the 25th day after tranafu 
sion and then increased again for a dnj follovsmg a second transfusion In tho 
second dog the nitrogen output remained unchanged tor 2 days In tho third 
animal it remained unchanged for 0 days and then fell In the fourth animal 
it mcreased after 6 days and then fell below tho pre-mjection level In still 
another dog, which was fed, nitrogen output increased gradually bj 40 per cent 
on the 11th da> No explanation was offered for tho considerable variations, 
although no mention was made m regard to possible reactions Much more 
consistent findings were reported in another study (2) on 4 dogs kept on a nitro- 
gen free diet and givTn Fcnim intravenously on 3 successive da}*s, the amount 
of nitrogen equalling tho nitrogen output in the 3 previous dajTs In 2 experi 
ments with dog scrum there wtis no change in tho nitrogen output dunng the 3 
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days, thereby producing a positive balance, moreover there was no mcrease m 
nitrogen output durmg the 2 days following the injection In the other 2 
experiments with horse serum there was an increased mtrogen output of about 
20 per cent durmg the 3 days of injection m one case, but only a slight increase 
m the other mstance dunng 2 days, positive balance was not obsen^ed in 
either case 

Two other papers should be classified mth these early studies, although they 
were performed m 1936 and 1938 In the first (28) six dogs were put on a non- 
protem diet and given small amounts (60 fn 80 cc ) of citrated dog blood per day 
for from 1 to 5 days, and studied for 2 more weeks There was no change m 
the mtrogen output durmg the mjection or post-mjection penods except m one 
anunal weighmg 9 kgm given a larger amoimt of blood (130 and 155 cc on 2 
successive days) However, even here the mcrease was very shght and occurred 
on the second day, the amount of nitrogen m the plasma was, however, insuffi- 
cient to expect positive mtrogen balance In the second paper (39) similar ex- 
penments were earned out on 3 dogs kept on a low mtrogen diet previous to the 
mjection of whole citrated blood In onlj^ one of these experiments was there a 
significant mcrease m the nitrogen output durmg the days m w'hich a transfusion 
w'as given Changes after the transfusions were finished were hard to estimate m 
view of the fact that the animal was put on a full diet at the conclusion of the 
transfusion penod 

The probable mfluence of incompatible blood on mtrogen balance formed the 
subject of a study m 1932 (24) m which w'hole dog blood w'as given to dogs kept 
on a protem-free diet Experiments w'ere divided into 2 groups dependmg upon 
whether the blood was absolutely compatible or whether it showed evidence of 
mcompatibility The experiments were carefully carried out for several days 
before and after a smgle transfusion of 100 cc of whole blood With this amount 
it was impossible to expect positive nitrogen balance, calculating as nitrogen 
intake only the plasma protem However, the difference m the mtrogen output 
m the 2 groups was significant Seven experiments wnth blood which did not 
match resulted m a 10 to 20 per cent mcrease of the urmary mtrogen output 
developmg within a few days, but which returned to normal m 6 to 8 days By 
contr^ there ivas not only no change m the mtrogen output m the unne, but 
mdeed a shght fall m 5 expenraents, with transfusions of blood which matched 
completely In each group both citrated as well as direct transfusions were 
emploj^ed ivith similar results 

In the past decade there has been an mcreasmg number of studies on nitrogen 
balance m dogs given plasma or serum mtravenously In 1934 experiments were 
desenbed (23) m which hepanmzed dog plasma was injected mto 4 dogs on a 
mtrogen-free diet In the first dog negative balance occurred during the first of 
two 7 daj’' mjection penods, even though the mtrogen injected exceeded the out- 
put durmg the prehmmary 5 days , however, in the second 7 day penod a positive 
balance of nearly one gram was observed because the mtrogen output fell m spite 
of an mcreased mtake, m the post-mjection penod of 6 days there w'as only a 
slight mcrease m the nitrogen output In the other 3 dogs consistent positive 
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balances n-ere achieved m 2 auccesaivc 7 daj pcnods wth no increase in the post- 
injection penod of 6 days Bj contrast a smnlareocpenment in ■nhichtho plasma 
was gi\ en bj mouth ratber than vem was followed by negative balance due to an 
increased nitrogen output, though the evcretion m the final control ponod 
dropped to the same le\el as that of the prehminarj control penod In a paper 
the folloM'ing year (37) further similar expennicnts u ere reported from the same 
laboratory In the first of 2 experiments nitrogen balance ivas barely missed 
dunng two 7 day pcnods and one 4 day penod, duo undoubtedly to the small 
dose of plasma given, m none of them did the nitrogen output reach the prelimi- 
nary lev el In the second expenment nitrogen balance u as achiev ed dunng one 
8 day injection penod, m the 6 day period following the nitrogen output fell 
By contrast, however, one expenment is desenbed m which mtravenous horse 
plasma for one 7 day and one 3 day penod led to a progressive mercase m the 
nitrogen output lastmg mto the post-injcction jienod, moreover the dog became 
sick and died and at autopsy showed a definite nephntis In another expenment 
dog plasma w as mjected mtrapontoneally on each of 8 days without any mcrease m 
the nitrogen output , produemg a positive balance of ov er one gram a day , however 
in the 6 davs following mjectlon there was an racrcasc of over 26 per cent m the 
nitrogen output Ilotso serum given inlrapentoneally in another expenment re- 
sulted m a slight increase m tho urinary output of nitrogen during the 7 dsy injec 
tion penod, a fall In the first and an increase m tho second of two 4 day post-mjec 
t ion pcnods Nitrogen balance was not achieved, howTjvcr, thedosc of nitrogen 
was much less tlian the output dunng the prshmmao penod Homoglobmwas 
given intravenously m one expenment m amounts of less than half of the nitrogen 
excreted dunng tho jirclunmnn penod Nevertheless, a 26 jicr cent increase in 
the nitrogen output occurred dunng twxi 7 dav periods which fell m tho 6 day 
jiost-injcction ixmod to a much lower level Hemoglobm given rntrafientoneally 
111 one exjicnment m larger amounts almost equal to the nitrogen output m tho 
jireluninnry jicriod result txl in a 60 to 75 jicr cent mcrease m tho nitrogen output 
dunng 2 jicnods of 7 and 4 days rcspeotiv ely Howev er, m the jiost mjection 
jKTlod of 4 day's the output fell almost to the prclimmary level 
Tho probable influence on nitrogen balance of untoward reactions following 
plasma transfusions is rev calcd in subsecpicnt similar observations from the same 
laboratory (10) Three mtact dogs were studuid whde on a non protein regime 
In tho first animal jiositivc nitrogen balance was mamtamed in 7 out of 9 two day 
jionotls dunng which tho amount of plasma injected each day was but shghtly 
larger than the lov el of output in tho preliminary jicriod In tho entire 18 days 
the total positiv o balance was +32 grams Moreover, m the 3 two day jionodB 
foltowmg cessation of tho transfustons there was a definite fall in the output of 
nitrogen below tho prchmmnrv level However, in the second dog dunng 4 
two day jieriods jihisma mjcctions produced an increasing output of nitrogen in 
the unne resulting m an ostomshuig negative balance of ov’er 39 grams, oralmost 
6 grams a dav even though the total nitrogen mjected was a little over half of the 
amount axereted dunng the preliminary penod That the plasma produced 
intoxication was shown by rapid loss of weight dunng this penod and the exerc- 
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tion of tremendous amounts of creatm and unc acid m the urme Dunng 7 out 
of 10 subsequent 2 day penods, this negative balance changed to a positive 
balance presumably because the dietary mtake was altered from plam sugar by 
mouth to a fuller but stdl non-protem diet Nevertheless, the positive balance 
dunng this second penod was not very great, 2 4 grams for the entwe 20 days, 
although the intake was mcreased dunng this penod In the third dog plasma 
mjections also produced evidence of intoxication as shoivn by frequent vomiting 
even though there was no mcrease m the output of creatm and unc acid A 
negative balance durmg each of 7 tuo day penods totalled 12 4 grams for the 14 
days, or nearly a gram per day The amount of plasma injected each daj'^ vas 
somewhat larger than the nitrogen excreted dunng the prehnunary penod The 
mtake of food in this experiment consisted entirely of sugar by mouth, hovever, 
dunng 3 two day penods after discontmuance of the injections, the adnunistra- 
tion of plasma and sugar by mouth was followed by a fall in the mtrogen output 
to the prelinunary control penod 

In another paper (32) from the same laboratory two dogs on a low protein diet 
v ere each given plasma for 2 days vnthout provokmg any mcrease m the nitrogen 
output m the urme even though the amount mjected vas greater than the 
prehnunary nitrogen output, thus aclueving a pronounced positive balance In 
still another report (31) plasma vas mjected duimg two 7 day penods m dogs 
bemg depleted by plasmapheresis on a protein-free diet A positive balance of 
6 3 and 3 3 grams Mas observed durmg these penods even though the amount 
of nitrogen mjected Mas not much greater than the previous output HoM'ever, 
the unnary nitrogen mcreased 3 and 4 times dunng the subsequent penods due 
partlj’’, if not entirelj’-, to a correspondmg mcrease m the oral mtake of protein 
In still another report (38) dog plasma Mas given to an Eck fistula dog on a Iom' 
protein diet, kept anemic bj’’ repeated bleedings Durmg tMo 7 day penods 20 
grams of nitrogen Mere retamed, or almost 1 5 grams a day on an intake of less 
than 3 grams a day as plasma E\ en if the output of nitrogen m the hemoglobin 
and plasma of the blood is subtracted, a good positive balance was achieved 

Other workers have described someMhat similar expenraents m M^hich much 
larger amounts of plasma Mere mjected (15) m dogs rendered hjqjoprotemermc 
by three Meeks of a non-protem diet Dunng the fourth MTek daily injections 
of citrated dog plasma m ere gl^ en totallmg about 5 grams of nitrogen per day or 
about 3 or more times the previous level of nitrogen output in the urme Dunng 
this Meek of mjection the nitrogen output remained imchanged over the prehnu- 
nary control penod so that a remarkably pasitive nitrogen balance of nearly 3 
grams a da}*^ was achieved However, dunng the subsequent 2 Meeks durmg 
which there were no mjections the mtrogen output mcreased remarkably, wipmg 
aMny much of the mtrogen retamed durmg the mjection penod By contrast, 
similar experiments m ivhich hydrolyzed protem Mas mjected as descnbed later 
(17) Mere not foUoM'ed by such an mcreased unnary output of nitrogen 

Studies in the human The earhest study of mtrogen balance folloMing 
intravenous admmistration of blood m humans M’’as apparently reported m 1921 
(7) Four patients with pernicious anemia M'ere observed durmg many 3 day 
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penods In one period dail> transfusions of 360 to 600 cc of defibnnated whole 
blood were given, alternating with periods in which no blood was injected The 
patients were on controlled full diets and In positn e nitrogen balance Findings 
w’ere variable but there was suflBcient increase in the nitrogen output during the 
transfusion penods to produce slight negati\e bnlxince if one calculated as nitro- 
gen intake only the plasma of the transfusion and not the hemoglobin m the red 
cells On analj'img the data, however, it seemed significant that the largest 
nitrogen output m the urme occurred during days m which the transfusion had 
produced a febnle reaction, whereas m one patient shoivmg practicallj no febrile 
reaction, there was no change m mtrogen output dunng the transfusion penods, 
thus increasmg the degree of positl\ e balance In contrast to these findings is 
another study a few years later (45) m which 0 patients with permcious anemia 
were given a smgle transfusion of 600 to 760^cc of blood and the unnarj mtrogen 
observed for one daj before and many days afterwards The food nitrogen m- 
take was kept constant throughout b> a regulated standard diet however, in 
the one day preliminarj measurement onl> 2 of the C patients were m positive 
balance before the transfusion, the other 4 being in shghtl> negativ'e balance 
The transfusions m all cases produced a negative balance even if one took into 
accoimt the nitrogen of the mjected plasma due to an mcreased output oi nitro- 
gen which reached its highest point on the second or third day, but returned to 
normal on the fifth da> The magnitude of this increase vaned between 2 4 
grams to 4 0 grams of mtrogen per dav over the control output of slightly over 6 
grams There was also a comcident increase m the unc acid excretion No 
mention is made as to the manner m which the blood was given whether it was 
citrated, or as to the presence of reactions That no hemolytic reactions occurred 
IS mdicated b> the fact that a well sustained mcrease m red cell count and 
hemoglobm was recorded in each cose The reported v alues for plasma protems 
were normal or slightly high prevnoua to the transfu*ioD8 and showed no change 
afterwards At about the some time another studv appeared in which 6 infants 
and children were given transfusions of whole blood washed red cells or plasma 
oil citrated (36) It is difficult to evaluate the data m this stud} particular!} if 
an attempt is made to discount the effects of untoward reactions w hich apparently 
did occur for example following one whole blood transfusion hemoglobinuria 
was observed Moreover, no data on nitrogen balance can be obtained, Inas- 
much as only the urea of the urine was determined Nev'ertheless, it is of some 
interest to note that the output of urea in the unne following the injection of 
plasma was definitel} Increas^ m at least 2 cases In one of these, a 17 months 
old mfant, there was a rise from 0 80 gram per daj on 4 pucce*5iv c dajTs after the 
Injection of 65 cc of plasma containing 0 690 gram of nitrogen returning to 
normal after on excess of 0 G42 gram of urea had licen excreted or more than the 
total amoimt of nitrogen that had been injected However in another instance 
in a one year old infant there was no change in the urea output after the plasma 
transfusion In 2 instances red cell suspensions were mjected without an> 
change, whereas m 3 instances the mjcction of whole blood was followed bj a 
slight increase Followmg the injection of 60 cc of saline ns a control there wiis 
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no change in the output of urea for 3 days, though the authors stated that the 
total nitrogen did mcrpase 

The next report appeared quite recently (25) and describes 2 cases which were 
studied before, during and after daily injections of bovine and human plasma m- 
travenously In the case of the bovme plasma the daily mjection of 6 15 grams 
of mtrogen for 5 days resulted in an output of 6 91 grains or a negative nitrogen 
balance of 0 76 gram The calonc mtake as glucose dunng the entire experiment 
M as 1600 per day and no food was taken by mouth Although there was a shght 
negative balance the output of nitrogen did not mcrease and mdeed was below 
the 7 88 gram level of the prebminarj 5 daj^s, and was only shghtly above the 
post-mjection 6 46 gram level of 5 days Thus a positive balance may have been 
achieved with shghtly larger mjections On the other hand, the patient m w horn 
human plasma was mjected went mto a pronounced daily positive balance of 
+1 23 grams dunng the 5 da3's m which plasma contammg 5 6 grams of nitrogen 
was mjected The output dunng the prelumnary penod w as 6 62 grams and the 
post-mjection penod of 4 days w as 3 39 grams In other w'ords, the plasma 
transfusions were accompanied and follow^ed by an actual fall m the urmary 
excretion of mtrogen 

Injections of hydrolized protein In the following observations the pro- 
teins used were digested by different methods and mclude a few studies with 
mixtures of pure ammo-acids A recent review (33) on mtravenous alimenta- 
tion with ammo-acids contains a discussion of the different types of protein 
hydrolysates Observations on the metabohc effects of mjections of single 
ammo-acids will not be review ed , discussion will be confined to studies made with 
hydrolyzed protem or mixtures of ammo-acids given mtravenously for nutritional 
purposes and will be divided mto animal and human observations 

AniTTial experiments As earlj’’ as 1889 an undetailed report (35) appeared m 
which a digest of casern and other proteins, prepared bj'^ an apparently mild 
hi'drolysis with alkali W'as mjected mtravenouslj’’ without producing albummuna 
or toxic symptoms, which had been noted following the injection of whole casern 
solutions However, nitrogen balance was apparentlj’^ not achieved masmuch 
as the administration w as follow ed bj'" an mcreased output of non-protem mtrogen 
m the urme In the papet on mtrogen balance following plasma mjections, 
already discussed (29), are descnbed 2 experiments in which an alkah hydrolysate 
of milk protem was mjected into dogs with some evidence that much of the 
mjected nitrogen was retamed though not enough was given to expect positiv^e 
balance This w'as m 1908 Four years later (6) an enzjmatic hj'drolj'sis of 
meat was used w hich, how ev er, evoked violent reactions mcludmg diarrhea and 
albummuna when mjected mtravenously m dogs and a pronoupced negative 
mtrogen balance The folldwing j’-ear a successful expenment was reported 
> (22) m a 15 5 kgm goat w hich wus mamtamed m positive nitrogen balance for 16 
daj’s, all fluid and food were given by a contmuous mtravenous dnp contammg 
glucose, salts and an enzjinatic hj'drolysate of meat in which 10 to 15 per cent 
of the mtrogen was still present as peptides The amount of nitrogen mjected 
was 5 6 to 8 4 grams a daj’’, or somewhat above the preliminarv^ 2 day excretion 
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of 6 8 and 4 6 grams during ^\hlch glucose alone was gi\en, the poeitue balance 
■vTined between 0 65 to 2 1 grama a daj Of special mterest was the fact that 
the peripheral ^eins were used for the Acnoch’sis for 10 days, when it became 
necessary to operate and mtroduce the cannula mto the splemc \cm, which 
was used for the last 0 da>’s, dunng the latter penod there was no mcrease m 
the degree of posituo balance thus mdicating that nitrogen retention was just 
as good whether hnlroljTed protein entered the portal or s^-stemic blood The 
goat died on the 18th da} and at autopsj showed no mfection, but a massi\e 
thrombosis was found extendmg from the jugular \em to the vena ca\a The 
same authora achie\ ed positu e nitrogen balance of 1 0 to 4 grams m 2 dogs for 4 
da}'8 uamg the same h}drol}'8ate Both dogs died on the fifth day Tlic same 
}ear (44) another report appeared m which h}drol}sed meat and casein ^rerc 
mjected mtra\'enou8l} m dogs but the experiments were of short duration and 
not designed to study nitrogen balance Nevertheless, the} represent a mile- 
stone in our knowledge of ammo-acid metabolism 
No further work was done for over two decades In 1938 (11) an acid h}- 
dolysate of casern wns mjected mtravenoiisly, onl} when tryptophane and 
C}'stme were added thereto did immediate positive balance occur Three day 
periods were studied in dogs raaintamed on a nitrogen free diet and the amount 
of nitrogen mjected was but slightly more than the output dunng the prelumnar} 
penod of 3 days before mjection Conversely, when the 2 aimnchacids were 
omitted, immediatel} , le , b} the very next day , the animal w^ent mto negative 
nitrogen balance Further experiments (12) with this supplemented acid digest 
of casern showed that nitrogen balance depends upon vrbether the added tryp- 
tophane and cynrtme were mtroduced at the same time as the acid hydrolysate 
or were mjected 6 hours later Cunously enough even such a short delay m 
the mjection of the added ammo-acids resulted in a negative nitrogen balance 
Thus it would seem that the mamtennnee of nitrogen balance vnth mtravenous 
admmistraticm is dependent upon, or at least greatly mfluenced by the simul 
tancous presence of all of the essential amino-acids m the injected flmd 
An mteresting and perhaps important aspect of these two last observations is 
the rapid time relation of injected nitrogen on the nitrogen output, unlike the 
delay usually observed when protem is given orall} Thus the step-Uko mcrease 
or decrease m nitrogen output following the addition or vnthdrawal of protem 
repeatedly obsen ed by man} workers on nitrogen balance with oral administra- 
tion Is apparentl} not present vnth intravenous admmistration of h}drol}ied 
protein The fact that much of the theory of protem stores m the bod} rests 
upon this behavior of the nitrogen output following orall} administered protem 
gives theoretical significance to these finding Inasmuch as this step-like 
phenomenon was not observed and has not been obsen cd b} others m subsequent 
mtravenous studies would seem to indicato that the dela}’ed effect of protem 
given b} mouth on nitrogen output has something to do with a lag m digestion 
and absorption of protein in the gastromlcstinal tract and not with the presence 
of on} bod} store of protein or, as It Is often called, “deposit nitrogen ’ More- 
over, the idea that nitrogen balance may be affected by the presentation of all 
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essential ammo-acids to the tissues at the same time may also explam some of the 
delay m the effect of oral admmistration of protem as compared with mtra venous 
mjections 

Several years later from the same laboratory studies (17) were reported foUow- 
mg the mjection of a protem digest made by the hydrolysis of casein by pork 
pancreas, a method of preparation w^hich did not destroy tryptophane and which 
yielded a product contammg also the ammo-acids present m the pancreatic pro- 
tem used While this digest required no ammo-acid supplement, unlike the acid 
hydrolysate, it was mcompletely digested m that about 30 per cent of the protem 
was still m the form of small peptides In 5 dogs this hydrolysate was given 
mtravenously each day as a 5 per cent solution plus 5 per cent glucose durmg the 
fourth week of the stud}'-, the first 3 weeks and the fifth week bemg control 
penods Practically no protem was given by mouth durmg the entire 5 week 
penod, the amount of mtrogen mjected durmg the week of mjection averaged 23 
grams of mtrogen, or about 3 times the average mtrogen output durmg the week 
before and the week after the mjection (There was no mcrease m mtrogen 
output durmg the week following the mjection ) Durmg the fourth or injection 
week the output was 17 8 grams, giving a positive nitrogen balance of 5 2 grams 
Of the mtrogen output dunng this week of mjection 7 3 grams, or the control 
output, would still have been excreted and thus the rest, or 10 5 grams (17 8—7 3) 
therefore onginated from the mjected digest, mdicatmg that 54 6 per cent 


2^ / nitrogen supphed was actually retamed and utihzed by the body 


Four similar experiments m which the same amount of hydrolysate was given by 
mouth showed a 66 6 per cent utilization, thus mdicatmg that mamtenance of 
mtrogen balance was of a similar degree whether the digest was given by mouth 
or mtravenously 

In a study designed to gam information regardmg the effect of large mjections 
of protem digests (14) 3^ grams of mtrogen per kilogram of body weight were 
mjected dunng 24 and 48 hour penods m 6 dogs depleted by a three week non- 
protem diet Although positive mtrogen balance was obtamed durmg the penod 
of mjection, large amounts of mtrogen appeared m the subsequent days m four 
expienments m which this amount of mtrogen was mjected durmg 24 hours 
However, m the 2 animals m which the injection of the digest combmed with 
glucose was spread over a 48 hour penod, positive mtrogen balance was achieved 
without subsequent loss dunng the 7 day penod followmg the termination of the 
mjections This mdicated that the mjection of 1 7 grams of mtrogen per kgm 
per day for 2 days resulted m the same degree of mtrogen retention as the same 
amount of mtrogen spread over a penod of 7 days, and suggested an approximate 
ceilmg of mtrogen utilization, which corresponds to a daily protem mtake of 
about 10 grams per kgm per day 

Other digests have been mvestigated A papam digest of casern was used 
(32) m 5 dogs and mtrogen balance studied followmg the mjection of a 5 per cent 
solution thereof with 6 per cent glucose m amoimts sbghtly greater than the 
basic excretion of nitrogen on a non-protem regime In 3 dogs depleted by 
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plasmapheresis the studj was made for consccuti\ e 7 da> penods In the first 
dog a poeitn e nitrogen balance v.'sa obtamed for 6 out of 7 such penods and for all 
of the succeedmg 0 penods, i^ , for 13 contmuous weeks ^^th 2 exceptions In 
the second dog 4 sumlar penods resulted m positnc balance of +0 5 and +2^ 
grams during 2, and negatn e balance of — I 7 and — 1 5 grams durmg the other 
2, although in 2 subsequent penods m which the digest Mas injected subcu- 
taneousl>, a positive balance of +1 7 and +4^ grams was achieved In the 
third dog the digest plus trjTitophane and oystme resulted durmg one penod m a 
slightly negative balance of —0^ gram In the remammg 2 animals mtrogen 
balance studies were earned out on dc^ not subjected to plasmapheresis but 
merely mamtalned on a Iom protem diet During 4 two day penods negativ^e 
balance was observed as high os —4 0 grams In a subsequent 2 day penod the 
addition of tryptophane and m another 2 day penod the addition of tryptophane 
and cystme to the digest was still followed by a negative mtrogen balance, 
although durmg the following 4 days the same mixture b> mouth resulted m a 
positive balance of as much as +2 1 grams The same observers also studied 
another digest of casern which wtls desenbed as a mixture of acid and alkali 
hydrolj’sates When mjected mto one dog depleted with plasmapheresis durmg 
two 7 day penods a markedli negative nitrogen balance of -10 9 grams and 
—66 grams occurred Subsequentl > , durmg a 7 da> period this digest, supple- 
mented by cystine and trj'ptophone, was mjected, resulting m a +3 0 grams 
positive balance In 2 dogs not subjected to plasmapheresis this hj’drolj’sate 
supplemented with cystme and tryptophane yielded one 2 day penod of positive 
nitrogen balance of +0 49 gram, the rest being negative, up to —1 09 grams 
In another report (38) from the some laboratory papam digests of casein and beef 
serum were mjected mtravcnously m dogs mamtalned on a protem-free diet, 
but kept anemic by repeated small bleedings There were 6 oboervations, in 
the first two of which beef serum digest was used In one dog dunng three 7 
day penods a positive nitrogen balance was observed of 20 grams which w*ould be 
lessened but not eliminated even if both the homoglobm and plasma removed 
during this penod were subtracted In the second experiment mvolving two 7 
day penods the positiv e balance was nearly one gram a daj , w hich wrould be cut 
m half if the amount of hemoglobm and plasma removed m bleeding were sub- 
tracted In the next 3 experiments a casein digest was used In the first of 
these dunng two 7 daj penods there was a positive balance of 4-0 grams, wluch 
however, would be turned into a negative balance onlv if both the hemoglobm 
and plasma removed during this penod were taken Into account Thw was true 
also of the next expenmont m ^rhloh during two 7 daj’s penods a positiv e balance 
of 4-10 1 was achieved In the final exponment a positive balance of 4-12 grams 
was achiQi od dunng one 7 daj period, which would lie lessened if l>oth the hemo- 
globm and plasma removed durmg the penod were subtracted 
^sitrogcn balance has been ntudied foUovnng the Injection of a gelatin solution 
(4) which in rcalitj is a protein hydrolj'sate, inasmuch ns it is usually prepared by 
boiling animal tissue** a process which dt^solvcs and digests the water soluble 
protem** into particles of vTirvmg sire however it i® probable that little of it is 
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present as amino-acids In 4 dogs, 6 penods varymg between 7 and 15 days 
showed that m all but one a slight positive balance was achieved However, 
the amount of mtrogen mjected was 4 to 13 tunes the amount of mtrogen excreted 
durmg the control penods Moreover, partial data from subsequent experi- 
ments mdicated that m the penod foUomng the injection of gelatin large amounts 
of mtrogen appeared m the urme, suggestmg that the positive nitrogen balance 
observed durmg the actual penod of mjection represented a retention which was 
subsequently lost Gelatm, of course, does not contam all of the essential ammo- 
acids and should not, therefore, be able to mamtain mtrogen balance 
Various mixtures of pure crystallme amino-acids have also been mjected for 
purposes of protem nutntion In the first experiments along this Ime (30) the 
mixture used contamed only essential ammo-acids plus glycme and argmme 
Seven of the ammo-acids used were racemic The amount of nitrogen mjected 
was the same as m previous penods durmg which similar mixtures by mouth 
resulted m positive balance The dogs were bemg simultaneously depleted by 
plasmapheresis but were on a non-protem diet In the first of two 7 day penods a 
negative balance of — 5 4 grams was observed but is probably explamed by carry- 
over of the effect of a deficiency in threomne m the mixture mjected durmg the 
precedmg penod, m the second 7 day penod, moreover, a positive balance of 
-fO 5 gram was achieved In a subsequent paper by the same authors (38) a simi- 
lar mixture of ammo-acids was mjected intravenously for 7 days m a dog kept on a 
non-protem diet, but bled frequently to produce anemia A positive balance of 

-f 1 1 6 grams was observed durmg the penod not calculatmg the amount of nitro- 
gen removed as hemoglobin and plasma w'hich, how'ever, totalled but 3 7 grams 
In another laboratory (16) a mixture contammg only the 9 essential ammo-acids 
were mjected m dogs takmg only sugar by mouth, which show'ed that mtrogen bal- 
ance could be achieved thereby durmg 3 day penods following the mjection of an 
amount of mtrogen which w^as only slightly more tlian the amount excreted durmg 
the control penods Of special mterest ivas the observation that the omission 
of histidme from such a complete mixture w^as still followed by positive mtrogen 
balance for a penod of 3 days, but that a negative balance followed during 2 
subsequent 3 day penods, suggestmg that histidme is relatively stable and, 
unhke tryptophane, requires a longer time before its absence is manifested m 
nitrogen balance experiments This lag m the production of negative balance 
w'as also gbserved m the experiments on the mtravenous injection of gelatm just 
mentioned, and m one of the reports on plasma transfusions As will be discussed 
later, these obserimtions add further support to the idea that important time 
factors must be considered m all studies on mtrogen balance 

Observations in the human Though first used but 6 years ago, many observa- 
tions have already been made on the mamtenance of nitrogen balance m the 
human followmg the mtravenous injection of \anous hvdrolysates of protem 
This discussion will be confined to studies m which the mjected digest formed the 
sole source of nitrogen No observ ations wall be mcluded m w hich these mjections 
were combmed with the oral adnunistration of protem food because of obnous 
difficulty m ei aluatmg the relative mfluence of the twn sources of nitrogen on 
mtrogen balance 
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It vros only m 1938 that li>'droh’zed protein ivu** injected mtra\enousl 3 into 
the human for the first time (18) Positue nitrogen balance nui achie\'ed 
with an acid hj'droh'sate of casern supplemented b^ tniitophane and c>*Btme 
Eight cases were described, although detailed data ^ere mentioned m only 
2 instances One, a 07 ^’ea^ old woman, unable to take an\'th]ng bj mouth 
because of on inoperable carcmoma of the stomach, was raamtamed with ealme 
and glucose with a le^ul of nitrogen output m the unne of 4 grams a dav, on 3 
successiMJ days po3iti\’e balance followed the addition of 4 6 grams of nitrogen 
as the protem digest In another case, a 69 j'ear old woman with seiurc septi- 
cemia, m coma, exhibitmg nutritional edema, 6 10 grams of mtrogen as the casern 
digest was added to the mtra\'enous dnp of salme and glucose for 3 dajn The 
urinary nitrogen pre\iouslj 4 grams a daj , mcreased to 4 6 grams a da\ , thus 
produemg a positive balance of +0 00 gram a dn\ for the 3 daj's In a subse- 
quent report (13) further ohntcal expenences w^re desenbed m which an enrymic 
hydrolysate of casern was used, requiring no addition of supplementarj ammo- 
acids This preparation wus made b 3 the digestion of casern with pork pancreas 
and therefore contomed the ammo-acids present m the pancreas protein as well 
as m the casern This digest, moreover, unlike the acid h 3 drol 3 'sate which con- 
tamed no peptides, was mcompIetoK broken down so that about 30 per cent of 
the mtrogen was present in the form of small peptides The term Airugcn has 
been apphed to this last preparation b 3 the manufacturers and for simplicit} 
will be used m the following discussion This report desenbed the us© of Amigen 
m 35 patients, of which 8 coses were described in detail Dunng a prelimmar} 
penod a solution of 6 per cent glucose m salme was mjected and compared with 
subsequent penods in which the h 3 drol 3 red protem was mereh added to the 
same araoimt of glucose In man^ of the cases there wns a second control penod 
after the mjections Positive nitrogen balance was achie\'ed m 4 of tlie 8 cases 
partially so in 2 and mcompletel 3 m 2 The dail\ amount of nitrogen gi\en did 
not exceed 9 0 grams whicli was somewhat more than the output dunng the 
prchminar 3 penod in the first 4 cases mentioned, but considerabU le^ thanthe 
output m the second 4 cases which w^erc more senoush ill patients and probab^ 
because of tliis, showed an unusuall\ high nitrogen loss Failure to nchie\o 
consistent nitrogen balance m the last 4 cases mai lx* attnbuted to thefact that 
an insufHcicnt amount of nitrogen was Injected There is little cMdence mthese 
expenments that the mtroduction of the digested protein of itself led to a signifi- 
cant mcrcase in the nitrogen output For example, In the first case, a relnti\el 3 
normal mdividual, the nitrogen output m 3 prehmman control davs aicraged 
about 6 6 grams, for 12 subsequent dal’s, dunng which 7^ grams of nitrogen 
was added to the glucose the positn*© balance i-aned between 1 and 3 grams a 
da 3 In the second cavi the output during the control penod ivas somewliat 
higher, aicragmg about 0 6 grams a dav, ict positive lialance was aLo aohicied 
although it did not exceed one gram a dai 
Other obsenTrs used the «ame hvdrolvsato m 30 postopcratiic patients (20) 
inth similar results The solution contamed 3 per cent Amigcn and 7 per cent 
glucose and was Injected for an a\*onige of 7 da 3 s dunng which no food wtis 
mgested The amount of nitrogen mjected was 7^ grams per da 3 Elctalls of 
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nitrogen balance Avere descnbed in 2 patients In one, following a simple ap- 
pendectomy without comphcations, positive mtrogen balance of -hi 4 to 4-31 
grams per day or a total of -f 14 6 grams dunng 6 days was achieved In the 
second patient, who had pentonitis, the same amount of Armgen did not result 
m positive balance, mdeed there was a negative balance of —2 1 to — 12 9grams 
a day These findmgs were stated to be charactenstic of the other cases, i e , 
positive nitrogen balance could be obtained with this dose of Amigen nitrogen 
only Avhen the patient was excreting less than this amount, but not m the sicker 
patients with higher losses m the urme, which in one case amounted to 25 grams 
of mtrogen m one day Another observer (9), usmg the same digest, was able 
to produce positive nitrogen balance m a 57 year old male w'ho w as studied for 
18 days dunng which nothmg was taken by mouth, data dunng 13 days m which 
unne collections were complete show'ed that the injection of Anugen in amounts 
varying between 6 and 12 grams per day with added glucose and a fat emulsion 
resulted m a positive mtrogen balance of between 4-0 5 and -f 5 2 grams a day 
m all but 2 daj^ Dunng these 2 days the negative balance was — 1 8 and — 1 6 
grains of nitrogen In general the highest positive balance was observed when 
the largest dose, i e , when 12 grams of mtrogen, was mjected In a subsequent 
report (3) this same observer studied an adult female for 6 dayB dunng w hich the 
patient received nothmg by mouth, the mjections containmg 18 grams of nitro- 
gen as Amigen plus 300 grams of glucose A positive balance of 23 3 grams of 
mtrogen was observed dunng this 6 day penod or nearly 4 grams a day In 
another more detailed study (6) from the same chmc data are descnbed on 9 
patients, all of them operated upon and showmg huge losses of mtrogen in the 
unne, undoubtedly as a result of their disease A positive nitrogen balance m 
general was not consistently achieved wuth the amounts mjected, probably 
because of the large loss of mtrogen in the unne, although m one patient for a 
penod of 10 days dunng which 18 grams of mtrogen was mjected each day, a 
positive mtrogen balance of 4-48 84 grams was obsen^ed, or nearly -f5 grams 
a day 

Nitrogen balance studies (26) followung the mjection of Amigen solution 
as the sole source of mtrogen were reported from still another clmic, the details 
of 2 cases being descnbed In the first case a patient wuth squamous carcinoma 
of the lower end of the esophagus w as first studied for 6 days before operation 
Folloivmg a control penod of 3 days m which no nitrogen was mjected, positive 
nitrogen balance was achieved m the next 2 days, dunng each of which 12 grains 
of mtrogen were admimstered On the sixth day 6 grams of mtrogen were ad- 
inimstered with a negative mtrogen balance At operation the low er end of the 
esophagus and cardia of the stomach were resected, followed by a primary anas- 
tomosis On the second day after operation, dunng which the patient received 
only sahne and glucose, 15 6 grams of mtrogen appeared m the unne On the 
next day 9 grams of nitrogen as Amigen were mjected with a positive balance of 
4-17 grams On 4 subsequent days the mtrogen balance was negative (—01 
to —6 1 grams a da> ) on an mtake of Amigen of but 6 grams On 2 subsequent 
da>s dunng which no nitrogen was mjected the output was 10 13 grains per day 
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In the second, a non-operative case, betaTeen 0 and 12 grains of Anugen nitrogen 
were administered each day as the sole source of nitrogen for 8 days During 
this period there was a total positive mtrogen balance of -hO 7 grams, or an 
average of nearly a gram a day 

In a senes of reports m inlants, Amigen aas mjocted mtnUTnouslj for varying 
periods of time ns the sole source of nitrogen In the first study (42) six 2 day 
penods were studied on 4 mfants and one older child, a positive mtrogen balance 
bemg obtamcd m all but one case, the degree of vihioh nas calculated as vaiying 
between 3 and 40 per cent of the amount injected These figures wore then 
compared with similar penods m which the same amounts of nitrogen were 
ingested as a milk formula and the degree of retention was practically the same 
In a second stud} (41) the observations are of mterest oven though not designed 
to giv e mformation ns to mtrogen balance The nitrogen excretion m the unne 
was compared m mfants durmg five separate 24 hour penods m which Amigen 
was mjected with two 24 and one 12 hour penod m which a mixture of crystallme 
ammo-acids made up to contam the estimated composition of casern Although 
nearly one-fourth of the ammo-acids of the ciystallme aimno-acid mixture was 
m the unnatural form, the excretion of mtrogen m the 2 groups of observations 
was entirely sunilar In a third and more detailed studj (40), 20 male infants 
were given Amigen intra\enousl> and compared vnth control penods in which 
only glucose and saUne ware mjected Positive mtrogen balance was achieved 
when the mtrogen intake exceeded 0^1 gram per kgm per dav but was greatest 
when the intake was 0 02 gram per kgm per dav, the latter amount producmg a 
positive balance of -f-0 60 gram per kgm per daj i e , 64 per cent of the intake 
These figures mav be calculated m another waj by using as a basehne the control 
output of mtrogen n hich is given as —0 16 gram per kgm per daj In the first 
senes of obscrv ations durmg which 0 60 gram per kgm per da> was giv en the 
output was 0 34 gram Now 0 16 gram maj bo subtracted from 084 gram as 
representmg the control output, which gives 0 19 gram as representmg that part 
of the output ongmatmg from the mjected digest, which when subtracted from 
0 60 gives 081 as the nitrogen actually retained and this is 62 per cent of the 
amount mjected Similarly, at the higher level of mjcction of 0 92 gram durmg 
which the output was 0 42 gram, a similar figure of 70 per cent retention may be 
obtamed It vnll be also obsened that twice as much mtrogen had to bo 
mjected ns w-as excreted durmg the control period m order to achieve mtrogen 
balance 

An acid hydrolj’sate of casern has been used in other observations Tiypto- 
phane was added to make the mixture complete, inasmuch as such hjxlrolysis 
was followed bv destruction of this ammo-acid Karlier observations with a 
similar hydrolj-sate have alreadj been mentioned (18) In one adult (1) such a 
hydrolj'sate was used as the sole source of mtrogen after operation for mtestinal 
obstruction but nitrogen balance was not achieved Durmg a jicnod of 8 dajB 
there was a dailj negativ o balance of —3 68 grams with an intake of 6 grams 
which was greater than the output of 3 96 grams durmg the control period of 4 
days during which glucose and salme alone were mjected %erv largo amounts 
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of creatin were excreted m the unne dunng the penod m which the digest was 
injected Successful achievement of positive balance, however, was achieved 
with the satne hydrolysate as the sole source of mtrogen by another observer (34) 
m a patient operated on for pelvic abscess There was a prehmmary control 
penod of 5 days in which there was no nitrogen mtake Following this was a 6 
day penod m which the mtrogen mtake consisted of transfusions of blood as 
well as injection of the casern digest, and positive balance was obsen’^ed How- 
ever, dunng a third 5 day penod the digest formed the sole source of mtrogen, 
12 to 18 grams a day were mjected mtravenously and daily positive balance of 
-fl 1 to -1-4 9 grams was obsen'ed 

CJoMMENT Mamtenance of mtrogen balance, as shoivn by the studies here 
summanzed, can be achieved both mth plasma transfusions and mth the m- 
travenous mjection of mixtures of ammo-acids either as pure crystals or as 
hydrolyzed protem In the case of plasma, compatibility is a prerequisite for 
ther§ IS sufficient evidence to show that even plasma from the same species will 
lead to negative balance if there is an untoward reaction Even m the absence 
of such reaction, there is some emdence that positive balance may require donor 
plasma which is of the same type as the recipient, although much further study is 
needed The influence of the added anticoagulant may also prove of significance 

In the case of ammo-acid mix-tures, the presence of all of the essential ones m 
the mjected solution is a clear prerequisite for mamtenance of mtrogen balance 
at least for penods of more than 3 days With mjections of hydrolyzed protem, 
failure to mamtam balance mth some preparations is undoubtedly also referable 
to a deficiency in one or more of the essential ammo-acids The influence of 
untoward reactions followmg the mtravenous admmistration of hydrolyzed 
protem is probably the same as m the case of plasma, although no observ ations 
are available 

In several of the studies there are mdications that glucose should be added 
to the solutions of hydrolyzed protem m order to achieve nitrogen balance more 
effectively While the importance of glucose seems obnous on theoretical 
grounds, there is insufficient data to show just how important this consideration 
may be It is hoped that further studies mil be made with varymg proportions 
of glucose m order to show whether glucose is really reqmred, and if so, what the 
optimum amount may be 

Further consideration of the data renewed herem inntes 2 comparisons regard- 
mg mamtenance of nitrogen balance mth mtravenous injections of nitrogenous 
nourishment First are differences betu een this method and the oral one , second 
are differences between the mtravenous mjection of whole protem as plasma 
transfusions and the mjection of the buildmg stones of protem as hydrolyzed 
protem or mixtures of ammo-acids Inasmuch as protem nourishment normally 
enters the blood stream as ammo-acids or small peptides, it is obnous that a 
plasma transfusion introduces entirely new' metabolic problems as compared 
with the mgestion of the same plasma proteins by mouth In other words, the 
mtroduction of whole protem molecules directly mto the blood stream has no 
physiological counterpart m the normal mechanisms of nutrition That the 
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injected protem leaves the blood stream rapidlj and to a great extent seems clear 
On theoretical grounds, however, it is didlcult to predict whether the mjccted 
plasma protem which leaves the blood stream is utilized as such by bodj tissue, 
whether it is broken dov\Ti to smaller units, even to ammo-acids by cellular 
proteases or mdeed whether it simply undei^oes an overhaulmg process by the 
interchange of free amino~acid groups without hj drolysis before bemg used else- 
where The evidence herem reported, though limited, does mdicate that nitro- 
gen balance is more readily achiev’ed by the mtravnnous mjection of plasma 
protem than by its oral ingestion thus mdicatmg more etBcient utilization m the 
former case On the other hand, longer observations are probably necessary m 
view of the fact that plasma prgtem breakdown is a slow process Observations 
with isotopic mtrogen mdicate that the half life of plasma protem is about 14 
days Nitrogen balance studies following plasma transfusions, therefore, should 
probably be contmued for 2 or more w'eeks m order to determme whether the 
mtrogen mjected is really retained permanentlj or whether there is merely a 
delay m its excretion A time factor is also important m the bebavuor of hy- 
drolyzed protem mjected mtravenoual>, as already discnssed It is suggested, 
moreover, that growrth experiments be also earned out with plasma protem 
inasmuch as important evidence of the ommo-acid composition of plasma protem 
can be obtamed m tlus way which may be of v’alue m correlating data on nitrogen 
balance 

The above mentioned differences between the oral and mtravenous adminis- 
tration of plasma do not apply to hjdrol>zcd protem inasmuch as all protem 
food is normally hjdroljied before absorption Thus the mjection of appro- 
priately hj-drolyxed protem or anuno-acid mixtures mtroduces no new or unusual 
physiolc^cal mechanism except for the fact that the material enters the systemic 
rather than the portal circulation Although the liver is probably the most 
important organ m the metabolism of ammo-acids, other tissues, of course, do 
play an important part While there is no theoretical reason whj there should 
be anj difference In utihzation between ammo-acids entermg the portal vem and 
the systemic v’eins, the rather limited evidence, as reviewed herem, does with one 
or two exceptions, point to the similanty m the nitrogen balance produced bj the 
twu modes of admmistration An analogy may be drawn bj citmg the fact that 
the mtravenous injection of glucose leads to glvcogen storage m the hver as well 
as does oral admmistration 

The inclusion of protem nutrition m parenteral mjections now cxtensiv’olj 
used for patients unable to take anything bj mouth is but a natural extension of 
this mode of thompv which for j ears has been confined to the admmistration of 
salme and glucose solutions plus certam vitamins It is proljable that this 
method of treatment vnll bo used more and more as the importance of preventing 
or correcting protem deficiencies in this wav Ixfcomes more generalb realized 
Acute starvation in patients unable to eat requires the parenteral admmistration 
of a more or less complete diet and this, of course, is impossible unless nitrogenous 
nourishment is mcliidcd Much more investigation must be done before the 
mctnbolLm of mtravcnousb injected protem nourishment is full\ understood, 
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particularly regarding the injection of the larger molecules and especially the 
nhole protem molecules in a plasma transfusion 

SUMMARY 

Review of the hterature through 1943 reveals sufficient evidence of the fact 
that nitrogen balance may be achieved both m animals and man by the in- 
travenous adnunistration of compatible plasma as the sole source of nitrogen 
Nitrogen balance can similarly be mamtamed by the mtravenous mjection of 
solutions containing mixtures of all of the essential aralno-acids or certam protem 
hydrol3^t€3 
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THE FUNCTIONAL ORGANIZATION OF THE CEREBRAL CORTEX 
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Functional organization, which defines the temporal course of activity m any 
nervous mechanism, depends upon both physico-chemical reactions of constitu- 
ents and their anatomical relations Smce reactions of all neurons are similar, 
it IS frequently possible to deduce anatomy from observed activity or to predict 
activity from known anatomy 

Generaij organization From a smgle enlargement of the neural tube, the 
prosencephalon, anse the cortex cerebn and the corpus striatum antenorly and 
the thalamus postenorly At a comparatively early stage of development 
antero-postenor and postero-antenor connections are established They serve 
to relate certam portions of the cortex and basal ganglia (1, 2) to particular 
thalamic nuclei — which relay signals thither and receive them thence Also at 
an early stage, there emerge from the cortex axons which, passmg ventrally, make 
their way to efferent structures Thus, functionally, these forebram structures 
constitute a bndge of mtemuncials which m lower animals is but one of many 
As the cortex evolves, the other bndges either disappear or become unable to 
mediate all sense modahties This development correlates with mcreasmg ana- 
tomic differentiation of the thalamic nuclei, which have few or no mtemuncials 
and, AMth few and small exceptions, no descendmg connections Hence, as the 
forebram structures become necessary for afferents of a given sense modahty to 
affect efferent systems, the cortical or striatal hnk also becomes necessary, and 
that m two ways It is both the mtemuncial system co-ordmatmg activity 
withm and among the thalamic nuclei and the only significant path thence to the 
efferent system 

The obvious paralj'ses resultmg from mjunes of certam cortical regions and 
the motor responses to their electrical stimulation have led us to call them 
“motor” or “electncally excitable”, but today ive know that most, if not aU, 
regions of the cortex send axons to stractures whose excitation affects the contrac- 
tion of striated muscle, and that all parts of the cortex are electncally excitable 
Today "we would not use these properties m subdmdmg the cortex The 
thalamic nuclear connections are discrete and serv’^e to define “cortical sectors” 
consistmg of cytoarchitectomcally recognizable areas which preserve their 
topological relations — i e , those which are not altered by stretching or folding— 
presumably because the formation of these thalamo-cortical connections is 
causally related to the local differentiation of the cortex, and because they 
reraam despite the growi^h and deformation of the contmuous mantle as it evolves 
mto the convoluted cortex Moreover, certam thalamic nuclei relay, m an 
orderly fashion, impulses consequent upon specific sensory excitation, and the 
correspondmg cortical sectors exhibit this specificity and orderlmess which help 
to define the prmcipal r61e played by anj’’ sector and to analyze its spatial detail 
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m relation to that of the sense organs represented upon it Even ■^ith respect 
to the ossocmtionol structures nhich become disproportionately larger m the 
pnmate cortex and ha^T thalamic relations with nuclear structures other than 
primary sensory relays — namel> , parts of elaborate re-entrant circuits — the same 
clarification of function occurs for the same reason Thus b> conscientiously 
Ignoring the obnous deformations, gjTi and sulci, 6a\o ns dubious landmarks m 
a particular cortex, it is possible to discuss m general the fimction of sectors and 
their constituent areas Although the function of specific subdivisions of the 
sectors m other waj's is various m various species, the functional homologies of 
these other subdivisions, insofar as they have corresponding thalamic correlates, 
are surprisingly orderly This makes it possible to transfer to the cortex of a 
gnen species conclusions drawn from expenments upon other species Smee 
we are primates and most \iork has been done on the monkej Macaca mvlatta, 
it seems best to use figures of his cortex as a frame of reference for what follows 

A cursory glance at the gross anatomy of any mammal mn bram shows that the 
cortex on which a thalamic nucleus projects is many times larger than that nu 
cleua, and detailed microscop 3 re\ealfl that there is great overlappmg of the 
projections A single thalamic nuclear element thus projects to a vastlj greater 
cortical area As will appear clearly later, the connections in the reverse direc- 
tion spread m a sumlar fashion Thus the area of cortex to which a single 
thalamic neuron projects serves to relate it to a large portion of its own nucleus 
On this account the nucleus and its cortical sector tend to behave concertedly m 
a rhj'thm determined by the time of transit around their roent rant path At anj 
part of the circuit the resultant waves affect the threshold to mcoming stimuli 
and ma> be initiated or interrupted by them "Whether these waves be the 
envelopes of nervous impulses or merely of polantation and dopolansation, thej 
are prevented b> any lesion which prevents corticothalamic reverberation 
Residual activitj lacks their characteristic form and frequency Other deeper 
structures may contribute to the background of the thalamic excitation, and then* 
contributions maj bo necessaiy, but the ‘spontaneous' electrical activity will 
persist m a small island of cortex when all the rest of the cortex of that sector has 
been remov ed (3)— a finding which explains why diffuse pickup fails to reveal 
local cortical destruction 

It goes almost without sajing that these same cnciuts serve as mtemuncials 
to relate the activities of diverse portions of the cortical sector That these 
cortico-thalamo-cortical circuits plaj a fundamental role m detcrmmmg the 
organiration of cortical actintj is attested bj the sjmchroninng of disturbances 
at tw o parts ot the some cortical sector after sov orance of all direct cortico-cortical 
connections A similar but more complicated re-entrant path ansmg from corti- 
cal efferent connections senes a similar function for even larger subdivisions of 
the cortex Thus, cortico-ponto-cerebcllo-thalomo-cortical circuits, ansmg from 
frontal, jwinetal and temporal regions and plajnng upon the antenor portions of 
the ventral thalamic nuclei, affect tlic actmt> of the antenor portion of the 
central, or sonson sector 

Tins genenfl character of overlapping projection extends to the control of 
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motion and makes possible use of parts whose focal cortical representation has 
been destroyed If the lesion be made early enough (4), although it be large, the 
loss of motion is far from total and mvestigation of the cortex by electncal 
stimulation mdicates that other portions of the same cortical sector have far more 
control of the affected muscles than can be demonstrated m the mtact cortex or 
foUowmg a similar lesion m the adult However, no sector has ever been shown 
to assume a function to which it did not contnbute pnor to the lesion The 
corpus stnatum acts m parallel with the cortex and hence complete decortication 
leaves a veil established thalamo-stnatal prosencephahc bndge of mtemuncials, 
over V hich afferent are connected to efferent systems so that even m primates 
certam motor actmti&s may still be mediated m response to stimulation of some 
sense organs 

Relatively diffuse but overlappmg projections upon the cortex where sum- 
mation results m focal excitation make possible detailed discrimination, exceedmg 
m sharpness of outhne the distnbution of excitation of sense organs (5), while 
mterconnection of these cortical foci (6) via recursn e connection through deeper 
structures and via direct cortico-cortical paths permits the activity of each focus 
at any mstant to be affected b 3 '’ the antecedent and approximately contempo- 
raneous activity of all other foci The resultant efferent discharges are thus the 
unified consequence of the totahty of these related cortical focal activities 
Smce activities of all parts of the cortex are related by recursive activities through 
deeper structures, severance of purely cortico-cortical connections can be expected 
to destroy only the most nearly contemporaneous relations of cortical activities 
at the separated foci, and so to affect adverse^ mterpretations dependent upon 
them As j^et we have no behavioral test wherebj' we might hope to detect them 
This IS borne out by the lack of any discoverable loss of ability followmg severance 
of the entire corpus callosum, for this is the largest smgle bundle of such connec- 
tions and the only one severable vathout any cortical destruction (7, 8) 

On the other hand, overactmty of cortico-cortical connections produces a 
spread of disturbances over the cortex along these hues of commumcation 
This IS all too familiar m the spread of the cortical actunty responsible for the 
march of the Jacksoman convulsion, and today there is clear endence that for 
this spread of disturbance direct cortico-cortical connections are necessarj' (9) 
anti sufficient (10) 

CknuiON PROPERTIES Before specifymg particular thalamo-cortical projec- 
tions or cortico-cortical connections, common properties should be considered, 
for these determme m large measure the sigmficance of the particulars, and the 
mterpretation of electncal or other records of cortical actmty and its 
consequences 

Impulses entenng from the subjacent white matter reach all parts of the cortex 
xna axons which ascend to its middle layer, where they branch ividely and ramify 
as thej* ascend This axonal actmty is manifest electncally by the appear- 
ance of a transient voltage m which the depth becomes negative and the surface 
positive to any unaffected area This phenomenon is not prevented by render- 
mg the neurons of the recipient cortex unresponsne b}' local treatment mth 
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drugs Havmg ramified, the incoming disturbance excites neurons of the super- 
ficial layers, producing a local surface negativity Under light barbiturate 
anesthesia this may be nil that happens Under chloralose anesthesia and 
sometimes under ■very light barbiturate anesthesia, this surface-negative wave is 
propagated slowly — say 20 cm per second — m the feltwork of the cortex, dying 
out (11) as it travels Under appropriate conditions it can be elicited by weak 
electrical stimulation of these layxrs, and has been called the ‘superficial re- 
sponse ” Under extremely light anesthesia, or when augmented bv dilute 
solutions of excitants such os strychnine or metrasol the surface-negative, or 
superficial, response is foUow’ed by a surface-positiv e, or deep, response associated 
•with discharge of cells m the deeper layere of the cortex, whence ongmate axons 
to remote portions of the cortex, os well as those to subcortical structures Ihcso 
waves can be ehcited regularly bv stronger electneal stimulation and are con- 
ducted with axonal velocities There are, then, two ty^pes of purely cortico- 
cortical cormections relating foci, at each of which arming disturbances ascend 
to the middle layer, ramify upward and descend to leave the cortex The first 
IS the slow, superficial, surface-negative, presumably multineuronal, or raulti- 
synaptic, mtracortical type, exaggeratedly active under chloralose, the second is 
the rapid deep, surface-positive, presumably axonal, intercortlcal type, best seen 
under dial The mtracortical are as diffuse as the feltw ork of the cortex w hcrcas 
the mtercortical arc highly specific and restricted m their distnbution Under 
chloralose both play significant rfiles m determmmg the spread of electneal 
after-discharge, under dial, only the latter (11) These ty^pes differ also m their 
effect upon mcommg stimuli, for unpulses arriving durmg surface ncgativntv fail 
to excite, whereas those amving during surface positmty are facilitated, — a 
relation which throws some light on the effect that alpha rhythm has upon 
response to stimulation of the eye or of the lateral geniculate and on the dnving 
of alpha rhythm by visual stimulation (12, 13) Taken in conjunction with m- 
hibition at a svnapse in the case of the two neuron arc of the spmnl cord (14), 
the relation of transcortical potentiab to responsiveness to incoming stimuli 
suggests that inhibition is to be ex^pccted when the apical dcndnlo of nnv cell is 
m a region negative to its axon hillock, and facilitation when polanzation ls the 
rev ersc 

Weak electneal stimulation of the superficial iavers of the cortex, if repented 
at appropnate intervTils, elicits a depth response which mcrcascs to a certain 
maximum detemuned by the duration and voltage of the stimuli Tlius facihta- 
tion occurs at all cortical foci and is manifest m motor response from manv areas 
It IS presumably due to spatial summation operative over rclav jiaths and 
revcrbcmtmg chains of mtcmuncioLs That it has a ma'amum dependent upon 
other pnmmetere of stimulation ls presumably due to the same limitation of 
respondmg efferent cells that produces occlu'*ion in tlic case of spinal reflexes 
with this difference that in the case of spinal reflexes all cclU of the pool mav bo 
excited, whereas in the case of the cortex the number that may be called mto 
play depends upon the v oltago and duration of the stimulus Increase in v oUage 
can alwnvB spread the stimulus to more remote portions of the pool and mcrease 
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m duration of pulse mil, witliin lunits, always fire a larger proportion of the 
neuronal pool reached by a given voltage Fmally, repetitive activity at 
frequencies of 20 or more per second eventuaJl}^ produces a rise m threshold of the 
responding neurons, so that if the stimulation be contmued the response declines 
or even disappears This nse m threshold is presumably the chief factor for the 
extinction of motor response to cortical stimulation, and undoubtedly is of 
paramount importance m all problems of fatigue It is associated mth the 
development of a polarization of the correct sign to enhance the effect, and per- 
haps to extend it to other neurons m the vicmity In those cases m which 
stimulation of any cortical area is pushed so far as to mitiate self-sustamed 
activity — called after-discharge — another factor becomes sigmficant, for the 
oxygen supply^ though it may increase, is locally madequate for the demand. 



Fig 1 Macaca mulaiia Thalamic projections to cerebral cortex and division into 
regions described in text 

the oxygen tension falls (15) and lactic acid is produced (16) As the region 
becomes acid its threshold rises and eventually the self-sustamed actmty ceases 
It may have spread over cortico-cortical connections to other regions of the 
cortex, but those it leaves behind are mactive and unresponsive These are the 
aspects of functional orgamzation which all parts of the cortex have m common 
CkiRTiauj SECTORS AND REGIONS DISTINGUISHED Thanks m no small measure 
to Walker’s (17) and Le Gros Clark’s (18) studies ol retrograde degeneration of 
thalamic nuclei foUowmg destruction of various cortical regions, the “sectors” 
of the monkey’s cortex defined by their thalamo-cortical connections are rela- 
tively well knomi They are schematized roughly m figure 1 which also indi- 
cates the density of thalamo-cortical projection by the density of stippling It 
IS apparent that certam regions are dommated by these projections vhich define 
the cortical sectors 
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The projection from the lateral gemculnte body m primatee is sharply lumted 
to area 17, the area stnate, which is surrounded by area 18, and this, m turn, bj 
area 19, kno^m respectively as parastnate and preoccipital The occipital 
region, constituted of these three areas, has a close functional organization 
subserving \nsion 

Similarly , there is a paneto-temporal region dominated by projections from 
the medial pulvinar nucleus to the poetenor panetal cortex and by the inferior 
pulvmar nucleus to the poetenor temporal cortex* The whole region playa an 
important rdle m associative processes 

The largest smgle region is the central or "sensory” region, which receives 
impulses from the lateral thalamic nuclei Those antenor to the central sulcus 
come from the ventrolateral and those postenor from the posterolateral The 
former are most dense in area 4, the latter m area 3, but os all ports of this region 
receive some, this sector is coextensive with this region 

Antenor to it is the frontal region whose thalamic projections arise from the 
dorso-medial nucleus and are most dense in a relatively small area which Walker 
has called area 46 for cytoarchitectural reasons This region is granular cortex 
and mcludes all cortex antenor to the central sector on the lateral aspect, with 
the possible exception of area 8 n hich will be included in it to simplify doscnption 
On the medial side it extends just across the sulcus callosomorginalis It does 
not include the opercular areas or any orbital areas proper The latter belong 
to the orbitotemporal region 

The former, opercular, areas belong to the sylvian region •aiuch is dominated 
by the projection of the medial gemculate body to area 41 and mth leas density 
to area 42, knoiMi respecti\ely as the primary and secondary auditory cortex 
and lying on the supratemporal plane which is therefore referred to as the sector 
of the medial gemculate body 

The sector of the antenor thalamic nucleus hea on the postenor portion of the 
medial aspect of the cortex and is coextenm\e i\ith the postenor lunbicregion, 
consistmg of areas 23 and a small retrospleninl area which is probably best called 
area 29 

The thalamic projections to the remamder of the iso-cortex are unknoivn 
This mcludes the antenor limbio region, or area 24, and the largeorbito-temporal 
region which includes nil the areas confined to the orbital surface of thefrontal 
pole and the tip and greater part of the lateral aspect of -the temporal lobe 
These are hero regarded as one region, not because there are no known thalamic 
projections to them but because they arc related m actmty Of the remaining 
isocortical area, 26 — and of the allocortical areas 28 and 30 — m*o lack the 
knov. ledge to assign them to any region 

Cortical sections and regions deschided Among the regions of the 
isocortcx there arc three Imimg soctore whose nctintv represents sensoiN excita- 
tion mediated by thalamic nuclei in such a manner as to prc*mr\’o topological 
organitation — namch the occipital the central and the syUian These ha\o 
been knowTi for a rclatu'ely long time because lesions of these areas produced 
lore of the corresponding scasation or because excitation of the area, either m the 
aura of con\nL*n\c di-iorders or m the waking subject stimulated at operation, 
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produced the corresponding sensation More recently they have been investi- 
gated by stimulation of the receptor (19) and observation of the mduced electncal 
disturbance 

Occipital region By fixing the eye and flashmg a small hght m knoivn rela- 
tion to the pomt of fixation, while recordmg from electrodes m fixed positions 
on the occipital lobe, the \TSual field has been plotted on the cortex In the 
pnmate, off and on responses are sharply restncted (20) to area 17 The pomt 
of fixation is represented on its lateral or antenor margm and only one hnlf of 
the field falls on one hemisphere Small angular displacements from the fixation 
pomt record at relatively large distances from its representation, but as the hght 
16 presented at angles mcreasmg m equal steps the displacement per step is less 
on the cortex The honzontal meridian of the visual field maps almost honzon- 
taUy backward from a pomt about the height of the junction of the first temporal 
sulcus and the sylvian fissure, m the direction of the sypenor ramus of the cal- 
carme fissure The visual field represented is contralateral and mverted It is 
on this area to which each retmal pomt projects to an appreciable circle that 
summation results m disproportionately sharp differentiation, so that fine e}^ 
movements combmed vath this summation result m discnmmative abihty far 
exceedmg the analysis of the stimulus of which the retma itself is capable (5) 

To mvestigate the connections of \anous cortical foci, it is possible to stimu- 
late at one focus and record mduced electncal activity propagated to remote 
foci Electncal and chemical stimuli i\ ork, but the former are more difficult to 
control, for the current spreads to deeper structures where it excites subjacent 
axons, while it sets up antidromic impulses eien m the gray matter These 
effects are minimized by usmg relatively long pulses at relativel}’' loiv voltages, 
but they cannot be entirely excluded even under optimal conditions Hence the 
bulk of the work has been done ivith chemical stimulation If one places a square 
millimeter of filter paper soaked m a saturated solution of strychnme sulfate 
anywhere on the cortex, the cells of the subjacent cortex send out impulses in 
unison The resultant spike-hke record of the transient voltage can be obtamed 
from any pomt to which a sufficient number of affected cells send their axons 
For brevity, we say that the strychmnized fpcus “fires” these other pomts At 
present there is reason to beheve that strychnme poisons an acetylchohne esterase 
(21) and that this pemuts acetylcholme to accumulate, whence the cells are 
discharged so easily that the electncal impulse of any cell excites aU the strychnin- 
ized cells In any case strychnme acts only where synapses are present on neiv^e 
cells and produces disturbances propagated only m the ordmary direction of 
conduction 

Local strychnmization ivithm area 17 produces these spikes but they are not 
propagated to pomts of area 17 more than about I 'mm from the strychnmized 
focus At the same time there appear lai^e spikes m the record of that portion 
of area 18 which is nearest to the focus We say, therefore, that area 17 fires 
itself only "locally,” and fires area 18 Similar strychnmization withm area 18 
fires an adjacent sector of area 17, fires almost all parts of area 18 of that hemi- 
sphere and the corresponding pomt m area 18 of the opposite hemisphere — and 
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fires much of area 19 ipeilaterallj Thus area 17, which rccci\C3 impulses m a 
relatively discrete fashion, keeps them so withm itself but relay’s them to a larger 
fraction of area 18, which feeds excitation back into the ongmatmg segment of 
17 and forward mto area 19 With a relatively light Dial narcosis one frequently 
obtains, followmg both ‘ on’ and off” effects produced by a bnght hght, a senes 
of smooth, somewhat smusoidal waves The ”on” and ‘off” effects ore limited 
to area 17, but the consequent waves spread forward across area 18 to die out in 
area 10 Moreover, electneal stimulation of any of these areas under appro- 
priate conditions causes deviation of the eyes m a direction and manner dependent 
upon the exact site of stimulation W^th ordinary 00 cycle currents one obtains 
from stimulation of any pomt m area 17 a suslamed deviation whicli would bnng 
foveal vision to bear on the corresponding pomt m the visual field (22) This 
form of stimulation is less effective m area 18 and the response is transient 
Using pulses of rapid rising and slow falling phases, and a frequency up to about 
40 per second, responses are greater and more prolonged but still not sustained 
Thar direction corresponds to that of the sector of area 17 to which the selected 
focus of 18 corresponds Even shght stimulation of area 19 produces a relaxa 
tion of any exiatmg muscular contraction and, m the vicmity of the mtrapanetal 
sulcus, pupillary dilatation Moreover, stimulation of 19 will hold m abeyance 
the motor after-discharge, but not the cortical clectncal after-discharge, set up 
by antecedent stimulation of other cortical foci FmalJy, stimulation of this 
reg:ion causes a supproasioo of motor response to stimulation of any motor focus 
This phenomenon has a latenc) of about four mmutes, lasts from three to thuty 
minutes, and cannot be repeated with any certamty sooner than forty five 
mmutes from the time of the stimulation that mduced it For brevity oil three 
of these mduced motor inactivities will be referred to as suppression of motor 
functions ” There is much evidence that they do not depend on any direct or 
mdirect cortico-cortical connections or on cortico-stnatal connections, but there 
IS no certainty as to what descendmg paths mediate them In these three sup- 
pressions cortex (23) and corpus stnatum (24) act m parallel fashion 

Strjchnmiration of area 19 causes only local firing and, with a variable latency 
of many minutes a diminution or complete disappearance of spontaneous 
electneal activity winch recedes slowly ocroes the cortex, rcqmnng twenty to 
forty minutes to reach the most remote regions Before It has reached them 
activity returns to the nearer regions, at first m the form of ‘ spmdles” and later 
m its onginal form 

This suppression of electrical activity, hke the suppression of motor function, 
can be ehated from several areas — winch are therefore called suppressor areas 
All such areas, except 10, have been shown to project to the nucleus caudatus, 
and for the suppression of electrical activity by them the nucleus caudatus has 
been shown to be necessary Its str>chninlxation produces large, long voltages 
m the thalamic nuclei vshich may well break up their cortical reverberations 
These presumably arc not simple axonal impulses from the nucleus caudatus 
because of time relations and wave form Tho> reficmblo the belated and ex- 
tended post-sjTiaptic consequences of Iho rclatnel> synchronous discharges of 
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the pre-sjTiaptic axons In any case, when they appear in a thalamic nucleus 
the “spontaneous” activity of the correspondmg cortical sector disappears 
Until recently no trace of cortico-stnatal activity could be discovered ansmg m 
area 19, but recently we have seen bumps m records from the nucleus caudatus 
which were defimtely synchronous with strychmne spikes m area 19 Thus it, 
like all other suppressor areas, probably does produce its suppression of electncal 
activity via the nucleus caudatus We will consider the extrinsic cortico-cortical 
connections of this region only after the mtrmsic regional connections of other 
regions have been considered 

Centraij region The central sector has been mapped for its most duect 
sensory projection by punctate stimulation excitmg smgle points of the body 
surface (25) or smgle hairs, and locatmg the mduced surface-positive waves on 
the cerebral cortex The excited pomts project prmcipally to the postenor hp 
of the central sulcus The representation of the extremities occupies a dispro- 
portionately large portion of the recipient cortex The leg is represented above 
a hue joinmg the superior precentral sulcus to the supenor postcentral sulcus 
The arm is represented below this hne to another jommg the spur of the arcuate 
sulcus to the tip of the mtrapanetal sulcus Although there is much overlappmg 
m each of these subdivisions, the foUowmg general statements can be made 
The leg subdivision begins at the sulcus callosomarginalis, which represents the 
tail, coccygeal segments 4 through 3, then sacral segments 3 through 1, then 
lumbar segments 7, 6, 6, 4, and finally, lumbar 3 through 1, overlapped by 
thoracic segments 12 through 1 which appear at the Ime of jimction of the arm 
and leg subdivisions Then come the cervical segments (agam overlappmg) m 
the order 2, 3, 4, 5, 6, 7, and last 8, which occupies almost the lower half of the 
arm subdivision The face area below is more complicated, for the mandibular 
division of the 5th nerve projects above, behmd and below the other two, of which 
the ophthalmic is above and the maxiHary below As the thalamic nuclei mediat- 
mg sensibihty from face, arm and leg are anatomically distmct and have been 
identified functionally, it is possible to subdivide the central sector along the 
Imes descnbed above, and to delimit these subdivisions m all primates The 
anterior hp of the central sulcus receives the densest projection of the antenor 
portions of these same thalamic nuclei, and the motor responses ehcitable by its 
electncal stimulation are of the somatic parts projectmg to the correspondmg 
post-central area, except at the junctions of the subdivisions where the cortex 
of the antenor hp is most deeply infolded Thus the subdivision obtains for 
efferent as well as for afferent connections Actually, alteration of somatic 


muscular contraction can be obtamed from all parts of this sector under appro- 
priate conditions, and sensoiy phenomena can be ehcited by strychnmization of 
any part of it, and all exhibit the same subdivisions for leg, arm and face The 


conditions for obtaimng motor response from pomts far postenor to the precentral 
hp are a hyperactivity of deeper structures, frequently appearmg under hght 
barbiturate anesthesia, and stimulatmg pulses havmg an abrupt rismg and a 


5 to 10 millisecond falhng phase at a frequency of 1 to even 10 or more per 
second, delivered to a cortex alreadj'’ excited at a fqcus from which motor re- 
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sponsea have been easDj evoked The response is then that elicited from the 
ongmal focus This form of so-called secondary facihtation, at least m certain 
instances, depends upon axons descending from both areas to the same deeper 
structures, rather than upon cortico-cortical connections (20) There is another 
form of secondarj facihtation most easily demonstrated from pomte m the 
antenor portion of the central sector to pomfs of the antenor hp of the central 
sulcus Antecedent stimulation of the anterior pomt makes it possible to obtain 
the ongmal response to excitation of the postenor pomt with a weaker stimulus, 
or to obtam a larger response with the same stimulus This form of secondary 
facihtation is pre\ented b> severance of cortico-cortical connections, and hence 
they presumably pla> some lAlo m it 

Strychmniiation of a fmv square milliiMterB withm any subdivision of the 
central sector, performed under bnef anesthesia from which the animal recovers 
before the effects of firmg of the cortex have ceased, results m the appearance of 
all the familiar clmical signs of paresthesia and paralgesia in the apical portions 
of both sides of the body belonging to the subdivision strychnmired (27) The 
reason for the bilatcrahty of the reference is by no means clear, for the afferent 
impulses are onlj contralateral from the arm and leg to the thalamic nuclei and 
to the cortex, and the symptoms arc bilateral even when the strychnmo is placed 
on on area practically devoid of callosal connections, so that neither cortico- 
thalamic nor cortico-cortical connections seem adequate to account for the 
bilatcrahty of reference imphcit m the overt behavior That these sensory 
symptoms are due to thalanffc rather than to cortical excitation can be deduced 
from this Strychnmisation of a few square milhmctcrs of the most antenor 
portion of leg or arm subdmsion fires all of both subdivisions, but only the thala- 
mic nucleus of the subdivision strychnmired and the symptoms are referred to 
the corresponding members Moreover, strychniniiation of the tlmlamic nucleus 
m the cat is sufficient to produce the symptoms, even when the cortex has been 
removed It was on the basis of these symptoms of sensory excitation that 
Dusser de Barennc outlmed the ‘ sensory cortex” and subdivided it accordmg to 
the port of the bod^ subserved — log, arm or face It vn'bs his hypothesis that 
the symptoms were to be explained by projection from every part of any sub- 
division to all ports of its thalamic nucleus That hypothesis Ims been amplj 
substantiated bj recording the electrical octivity of each thalamic nucleus during 
strychnuutation of each of the constituent areas of each subdivision His 
‘ 8en8or> cortex” consisted of all those areas nduch Brodmann numbered 1 
through 7 m hia map of the monkey’s bmm Two difficulties have arisen mth 
respect to this sector The lonxir margin of the face subdivision has proved to 
bo higher on the frontal and panctal operculum than vtis ongmallj supposed, 
and the method of local strjchnlniration and recording of resultant electrical 
activity, which he called pbj'siological ncuronographj , has ctimpcllcd dislmctions 
between parts of the cortex histologically indistraguishablc by present methods 
To meet these difficultieH and to mdicato areas which have liccn identified cy'to- 
orchitcctonicallj or phjTJiologjcally since BrodmannV maps, wc made figure 2, 
a,bandc (Hereafter numerals will be used to designate area** indicated by tliem 
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in thiH figure ) The central sector, or 'eensoo cortex,*’ consists of the areas 6, 
4s, 4, 3, 1 , 2, 6 In the monkey, 7 and both 40 and 30 (of whose cytoarchitcctural 
identity with area 7 Brodmann ^^'aB himself uncertam) are all sensory in Dusser 
de Barenne’s sense of the term, and both fire the postero-lateral thalamic nuclei 
but poorly In the chimpanree, 40 and 39 fail to fire it In both primates they 
fire heavily mto the pulvinor Therefore, although their principal cortico* 
cortical connections are with the central sector, they must be considered as 
belongmg to the paneto4eraporal region, which is dommated by the sector of 
the pulvinar Excludmg these and the opercular areas, the finng from one to 
another of the component areas can bo stated bnefly, G, leg or arm, fires all 
component areas of both subdivisions, 4 fires itself, 1, 2 and 6, only m the face 
subdivision does it fire face 6, 1, arm and leg, each fires itself locally, and the 
corresponding 4 and 5 well, vihereas 1 face fires 6 face and 4 face, 6, arm and leg, 
each fires itself more widelj, and the correspondmg 4, 1, 2 and 7, 4fl and 2 fire 
themselves locally and suppress the electrical activity of the cortex generallj 
The> also suppress motor activity To this region neither 44 nor 43 properly 
belong, although there is evidence that taste may be projected upon 43 (28) and 
although motion of the tongue and larynx are obtamed from 44 by primary 
stimulation and from 43 by secondary faciUtation 
Stlvxan region For descriptive purposes, 43 and 44, although finng face 6, 
are considered part of the sylvian region, which is dommated by projection from 
the medial gemculate bod> to A slight elevation, corresponding to Heschl’s gyitn, 
running from near the middle of the lower hp of the sylvian fissure diagonally 
upward and mward This corresponds to the primary auditory cortex of the 
cat, upon which the organ of Corti maps pomt for pomt The arrangement is 
exactly what is to be expected when the twist of the region from cat to monkey 
is kept m mmd (29) Lower tones are represented on its antenor or lateral end, 
and higher tones more posteriorly or medially SUll farther postenorly, extend 
mg to the end of the sj hian fissure and sometimes emerging mto the parietal 
region m positions correspondmg to Campbell’s “audito-psychic” area m the 
human bram, is what is probably best called the secondary auditory cortex, 
resembling the corresponding area m the cat The * primary’’ area, 41, hidden 
m the sj Ivian fissure, Is koniocortex, and the secondary 42, the para-ecoustio 
area contains very largo pyramidal cells m layer iii Those areas arc difficult to 
expose Even subpial resection of the panelal operculum leaves them in a 
condition which makes trulj local strychnmization difficult At present it 
seems best to confine remarks to the following statements 41 fires 42 42 fires 
itself well, and fires 41 as well as adjacent portions of 22 The posterior partof 
the supenor temporal con\oIution fires area 42, but it is uncertam whether this 
19 referable to strychnmltation of 22 or 37 No definite relation to any of the 
poetenor parietal areas has been established, although in the cat partial asphj'xia 
will cause a response to a click to appear m them Bvnchronously with the reeponse 
of the auditory cortex The requisite opercular destruction prevents studj of 
the connections of one to the other beneath the s>lvjan fissure except from the 
surfaces expo^ m the intact cortex Thceo ha\c shown the following connec- 
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tions 43 fires 44 and 22, 22 fires 44 and 43 and probabh 42 Thus this region 
contams structures necessarj' for vocal response to auditorj stimulation, and 
their cortico-cortical comiections are direct 

Paeieto-tempoual PEGiON The region hung between the occipital pos- 
teriorly and the central and syhnan antenorly, is roughly tnangular with an 
extension forward on the medial aspect, whence it extends to a wade base along 
the inferior aspect of the temporal lobe It mcludes 31 and probably 7 on the 
medial aspect, and 39, 40, 37, 20 on the convexity of the hemisphere It is 
dommated by areas 39 and 37 w'hich receu e the bulk of the pulvmar projections 
Each of its constituent areas fires itself well but its mter-areal connections are 
relatively few' or restricted 31 fires none of the other constituents The Ime 
between 39 and 40 is vague, and these areas maj fire each other, but only from 
neighboring portions The upper hmit of 37 is equally vague, and 37 fires 39 
Similarly, more w ork is necessary to bound 37 anteriorly, but there is nothmg to 
suggest that it fires or is fired by areas antenor to it Per contra, its mter- 
regional relations are obvious and important, as will appear later 

Limbic regions The postenor limbic region, or sector of the anterior 
nucleus (30), Ijmg betw'een 31 and the corpus callosum, is made of two areas 
one, w'hich fires only itself and that only locall}', called 29 for histological reasons, 
the other, 23, w hich fires itself throughout The antenor lunbic region is a smgle 
suppressor area, 24, w hich, like other suppressor areas, fires itself and only locally 
Of areas near its gntenor end — ^i e , 25 and 11, we lack mformation and hence are 
unable as yet to assign them to thrs region or to the orbito-temporal or frontal 
regions 

Frontae region The frontal region is bounded postenorly by the central, 
medially bv the anterior hmbic and orbitally by 11, 47 and 53 In the monkey 
this region has not been clearlj' analyzable by local strj'chnmizaition and distnbu- 
tion of finng w ithm the region, except for tw o areas 32, w hich fires itself through- 
out but no other frontal area, and 8, which ls a suppressor area and fires itself 
extremely locall}' and fires into 32 Moreover, area 8 is “motor” for contra- 
lateral, and anterosuperiorly for ipsilateral, ej'e moiements associated with 
dilatation of the pupil This dilatation, m the case of the cat, is due to inhibition 
of the third nen'e nucleus (31) As of eye movements obtamed from 17, 18 and 
19, it IS possible to conclude that the cells of origm for the requisite structure he 
m the area in question Ej'e movements are obtamable from the panetal cortex 
generally, if short, high voltage pulses are used These can stimulate underlymg 
white matter, and thermocoagulation of the panetal cortex does not prevent 
them from bemg elicited, whereas it abolishes those evoked from 8 Unilateral 
destruction of 8 produces a pseudo-hemianopia (32) and circus movements 
Immediately antenor to its central third lies 46, which receives the densest 
projection from the dorso-medial nucleus Its strj'chnmization results in 
relatively wide finng of the frontal pole Antenor to it is 10 w here finng is most 
restncted The cortex medial, or dorsal, to area 46, bemg bounded by areas that 
can be thus defined, is called 9 The area ventral, or lateral, to 46 — i e , 45, is 
distmguished bj' its firmg 44 and 40 ' 
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Orbito-temporal region The remamder of the isocortox, churactenzcd bj 
deficit of thalamic connections, constitutes the orhito-tcmpond region The 
orbital areas, 47 and 63, are easily distmguishable, for electrical stimulation of 47, 
but not of 63, causes an arrest of respiration m mspiration \nth the vocal cords 
abducted — as m a jarni Moreover, they fail to fire each other and are 0340 - 
architecturallj distmct, for 47 is dyagronular and 63 is eugranular The temporal 
areas 38, 21 and 22 are difficult to distmguish histologically m the monkey 
Each fires itself throughout but fails to fire the others Tlie relation of the 
orbital to the temporal components is as foUovvs 47 fires 38 , 63 fires 37 , 38 fires 47 , 
22 fires 63 It seems safe to assume that these connections form the bulk of the 
fascioulus uncmatus 

Iktbacortical covnecttons \Vhilo wo have been considering only the 
inter-cortical connections as revealed bj airj chnimsation under dial narcosis, it 
must be remembered that the belt of Intra-cortical fibers exists and under other 
conditions can be shorvn to relate relatively distant foci As these connections 
run m all directions, they relate areas regardless of the regions or sectors to vi hich 
they belong Thej carmot, however, relate an area to a distant one mthout 
crossmg those areas which surround the excited area This is stnctly a topo- 
logical problem m tno dimensions It is, therefore, m\ anant under continuous 
deformation of the cortex Hence it is passible to map the entue cortex and the 
basal ganglia on a plane mthout loemg the relations detenmned by the mtra 
cortical cormoctions Figure 3 is such a map In it the margins of the cortex 
of one hemisphere appear stretched around the periphery, and the adjacent areas 
are consequently greatlj elongated Moreover, all the sulci are treated as if 
they were opened out This, for example, discloses area 3 and the contmuitj of 
area 0 from arm to face subdivisious, and brings to the surface the insular cortex 
In so domg It makes clearer the lack of information The basal ganglia have been 
so displaced as to make them visible mthout severmg their continuity mth 
cortical structures either nntenorlj , where 47 is continuous mth the putamen, or 
posteriorly, where the amygdaloid nucleus adjoins the allocortex of the temjioral 
lobe 

Inter regional connections The connections between the occipital and 
jianeto-tcmfioral regions probably constitute both the fasciculus longitudmalis 
inferior and the fasciculus occipitalis verticahs (of Wernicke), and the long 
antcro-poetenor connections, the sujKnor longitudmnl fasciculus Just at the 
time that the connection of all suppressor areas to the bclt-like areas 31, 32, were 
discovcrod bj ph^Biological neuronography, the connection of 4s to this same 
band was followed bj mjelm stam (33) Most of the remainmg connections ns 
vet lack correspondmglj precise nnatonucal footmg Since the corpus striatum 
not onlj nnses in jinrallcl mth the cerebral cortex, byt also acts m parallel mth 
it, at least in suppression of motor actintj, the cortico-stnatal connections 
established b> pliiTiological means arc hero mcluded Areas 24 , 8, 43, 2 and 
probably 19 all fire the nucleus caudntus, whereas 0 fires the putamen and the 
external segment of the globus palltdus, and 4 fires the putamen but not the 
external segment of the globus poUidus Reccntlj bj a now method apphed 
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to the cat’s brain, connections from some suppressor areas to the nucleus caudatus 
have been shoivn to be by fine nonmyeimated collaterals from descendmg aAons 
(34) This accounts for previous failures to find them by Marchi studies of 
degeneration (35) 

Inter-hemispherical connections For the most extensive anatomical 
studies of the connections of the two hemispheres we are mdebted to Mettler 
(36, 37, 38, 39), accordmg to whom almost all parts of one hemisphere send 



Fig 3 Macaea mulatta Development of cortex and basal ganglia preserving topological 
relations On it are indicated all cortico cortical and cortico striatal connections domon- 
Btrated by physiologicnl neuronographj 

axons to a correspondmg but larger and related portion of the other, while 
certam regions send them to manj’^ portions of the opposite hemisphere — so-called 
heterotopic connections Possibly because the lesions affected the underlying 
white matter, the projections described by him arc more eictensive than those 
found by electncal stimulation, although this may ha\e excited certam of the 
more superficial fibers The reason for the difference maj' also be that the 
discovery of the electrical disturbance on the receivmg hemisphere depends 
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necesaanly upon the sjTichronous activity of enough axonal endings in a small 
space A diffuse projection might easily be mussed This apphes also to physio- 
logical neuronography, with this difference that the etrj chnme can excite only 
neurons, not axons or axonal terminations Hence its findings can onlj be of 
fewer projections than b> these other means Figure 4 schematizes the ongm 
of the commissural connections os re\ealed bj physiological neuronograph> It 
discloses the direction os n-ell as the moat concentrated axonal distnbutions rather 
than their totahtj 

Mettler used the term ‘^omoiotopic” for the more diffuse anatomical projec 
tions to corresponding related portions of the contralateral hemisphere These 
are always restricted to constituent areas of the same contralateral region 
Even what he has called heterotopic'* connections rarely exceed these hraita 



Fig 4 ifacaea mxilalla Corticsl ongios of commifflural oooiiMtioiu A to widely Mp- 
orated pointe A to lymmetneol point only and etopped by oection of eorpoa caUoaom A 
to lymiDetrical point only but peralstlng tbon^ diminlBbed after acotion of corpus ealioanm 


When the> do so the exceptions conform to the mterregional connections of the 
horaolateral projecticms There is an additional reason, therefore, for mquir- 
mg into the latter in some detail 

Reuainino DiFFiouLTiEs In the first place, the Btud> of the mterregional 
connections has not been pushed as hard as the studies of the functional organiza- 
tion of the regions themselves, and there maj be many connections as yet un- 
discovered, but the connections so far revealed £ire so numerous and mtricate 
as to make any regional subdivusion seem somewhat arbitrarv This fe particu- 
larly true with respect to areas 31 and 32, wiuch constitute a narrow band along 
the sulcus calloso-marginaliB, with extensions at its ontenor and postenor 
extremities The extremities are clearly different, histologically, but m the 
intermediate region both areas shade mto the adjacent areas of the central region 
so that no definite boundaries can be established MorcovTr, this band is 
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mtemallj’ connected by axons from any part to all parts m the monkey, ■\\hereas 
m the chunpanzee the coimections are by no means as strong to distant portions 
In the monkey, all parts of the band are fired from aU suppressor areas, n hereas 
in the chimpanzee the firmg os more restricted To assign different portions of 
this band to different regions seems arbitrary m spite of the dissmulanty of 
thalarmc connections A similar difficulty occurs with 7, 39 and 40, hich are 
unmistakably sensorj (as that term was used by Dusser de Barenne) More- 
over, they have powerful connections to and from the rest of the central sector 
despite their projections to and from the pulvmar The entire paneto-temporal 
region is an extreme example of long, mterregional connections, for there is no 
region on the convexitj’- of the hemisphere with which it fails to make connections 
m both directions Inferentially, it subserves associational functions of a high 
order The frontal region obnously has not differentiated as far m the monkey 
as in the chimpanzee, nor has it as extensive connections mth the rest of the 
hemisphere The syhuan region contammg the projection areas for sound and 
the control of respiration, Imgual and larjmgeal musculature, and the mtercon- 
nections of these areas, is obxnously the precursor of those cortical structures 
which m man are prmcipaUy responsible for speech Unfortunately, they are 
hidden m the syhnan fissure to such an extent that their connections are difficult 
to mvestigate, but it is clear that they are m part, at least, recipients of impulses 
from the portion of the temporopanetal legion from which the angular and 
supramargmal gjm of man arise The behavioral implications are self-apparent, 
for there do not exist any connections m the thalamus wherebj' these areas could 
be related once the cortex is destroj’^ed Companson of the newest maps of 
mterregional connection wnth antecedent studies indicates how easily these ha\e 
been missed, and a recogmtion that that part of the cortex hung m sulci has nev'er 
been mvestigated imphes that manj'^ more are still to be expected Obxuously, no 
conclusions can be drawn from the apparent lack of connections of particular 
regions Only one general statement concerning these connections seems to 
hold namely, that the pnmary sensorj’- areas do not gi\ e rise to mterregional 
associational fibers This agam emphasizes the importance of the “a'sociational 
areas ” It is apparent today that certain tenets of the psj cholog} of perception 
can be deduced from the phi-siologj' of the primary sensorx" areas In similar 
fashion we hax e exeiy nght to expect that utunately knowledge of “associational 
areas ’ and of mterregional connections will lead to a physiological interpretation 
of the more complex psychological problems 
In order to brmg this article (which is essentially a ie\new) as nearh up to 
date as possible, I have taken the hbertj of mcluding hithertounpubhshed w'ork 
done m collaboration wuth G von Bonm, H W Carol, E W Dans, A Silveira 
and P Bailey — ^to the last of whom w e are mdebted for figure 2 
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FACTORS AFFECTING THE INSULIN CONTENT OF THE PANCREAS 
R. E HAIBT 

DeparimerU of Phyttology Umoertily of Toronlo 

The paixarcai oa the touree of tntxUm InsvJm, the anti-diabetio honnono, is 
produced m the pancreas (1) and, despite the earher hterature to the contrary, 
there h no good evidence that it is produced in any other organ or tissue (2) 
The beta colls of the islets of Langerhans are conceded to be the secreting struo 
tures The demonstration that insuhn can be obtamed from the prmoipal islets 
of teleoet fishes and not from aomoua tissue (3) and that it is found m metastatic 
islet cell tumors (4) mdicates that the islets of Langerhans are responsible for 
the production of this material That the beta cells are the actual sccretmg 
elements seems likely from the fact that the sevontj of the diabetes m partial] v 
depancreatised dogs (6) (6) or in dogs mjccted with anterior pituitary extract 
(7) (8) (9) parallels the extent of the change m the beta cells of the islets In- 
deed, the degree of beta cell granulation demonstrated mth Bowie’s stainmg 
tochmque m the islets of pitmtarv-injeoted dogs (7) (8) (9) (10) and m the islets 
of fasting and fat-fed rata giTCn insulm (11) shows a close correlation with the 
insuhn content of the pancreas 

The eigmfieanee of the tneuhn level If it is granted that the beta cells of the 
islets of langerhans m thp pancreas are the insuIm produemg cells, then it will 
be apparent that the insulm content of the pancreas is dependent upon J, the 
concentration of insulm m the beta colls of the islets, and S, the total volume of 
tho beta cells It follows then that some of the factors mfhiencing the insulm 
content of the pancreas will brmg about their effects by altenng islet volume 
whereas others will change the concentration of insulm in the islet cells If the 
beta cell volume remains constant, at any moment the concentration of insulin 
in the pancreas will represent a balance between tho production and liberation 
of that material Such a balance might be struck at any level, so some level- 
regulatmg mechanism must bo postulated. Many of the same difficulties are 
mvolved in a discussion of tho level of pancreatic insulm as m a consideration of 
the blood sugar level (12) or, for that matter, the lev el of an> material m the 
body normally present m fairly constant amounts 

At any level, the turnover of msulm might conceivably be groat or small but 
so long as production and hberation keep pace tho level will remain constant 
'The fact that when only a fraction of the pancreas remains, tho flnrmsl may bo 
free from diabetes and that under these circumstances the panoreatic insuhn 
concentration may bo unchanged (13) (14) would indicate either that only a 
fraction of the pancreas is functioning under normal conditions or that there is 
a greater than normal turnover of insuhn in the remnant without any great 
change in level Nothmg is known of tho mechanism which stimulates or 
diminish^ production when the liberation of insuhn ls altered, yet some such 
regulation under a fairly wide range of conditions w ould seem to be a necessity 

■IM 
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It should be emphasized, houevei, that the msulm level as measured by any of 
the present methods is sufBciently vanable to make measurements of small 
changes m content uncertain and to make conclusions on the basis of such 
changes unvv arranted Such small changes may be significantly concerned with 
the normal variation m production and hberation Studies on the partiallv' 
depancreatized non-diabetic dog (13) (14) uould mdicate that the concen- 
tration or level of insuhn m the beta cells is probably of mom significance than 
the total content, smce m these animals the total content may be drastieall} 
reduced (by operation) wuthout greatlj changmg the level of insuhn in the pan- 
creas or altermg the state of the animal 

A lowering of the insuhn content of the pancreas must i esult from either a 
1 eduction m the number of functiomng beta cells oi some dispantj’’ between the 
production and hberation of insuhn The dispanty may be caused by a reduction 
in the manufacture of insuhn that is out of proportion to an^’- change m hberation, 
or an mcreased hberation of insuhn that is out of proportion to any change in 
production A reduction m the insuhn content of the panel eas may result then 
from an mcreased hberation of insuhn, a decreased production of insuhn -or both 
Once the new level is reached, it may be mamtamed bj’’ agam balancmg produc- 
tion and hberation What regulates turnover at any given lev’el or operates 
to alter the level is the unknown but important factor It is obvious that a 
determination of the level of pancreatic msulm per se may tell httle of what is 
happemng m the pancreas Many determmations must be made under a 
vanety of experimental conditions and correlated vnth associated metabohe 
and histological changes if the significance of the msuhh lev el is to be understood 

Methods involved in the determination of the insuhn content of pancreas The 
estimation of the insuhn content of the pancreas under most circumstances 
involves the removal of all the pancreas from the animal, the extraction of the 
tissue removed and the determination of the insuhn content of the resultant 
solution The removal of the pancreas must be complete, and aU the pancreatic 
tissue should be extracted This is particularlj’' important m those animals 
havmg a pancreas that is diffusely distributed and may contam vaiymg amounts 
of fat Also, smce the concentration of msulm is not the same m all parts of 
the pancreas (14) a sample portion may give an erroneous impression of the 
insuhn content 

The extraction procedures hav^e differed considerably A gieat deal of work 
has been done on this problem and its discussion is beyond the scope of this paper 
Perhaps the most commonlj’' used extra^ion fluid is acid alcohol Much of the 
recent work employs Scott and Fisher's modification (16) of the procedure of 
Jepheott (15) It should be pomted out that m usmg this procedure the recov erj 
of crude insuhn added to the tissue is good, while the recov ei^'' of purified insuhn 
IS poor and variable (0-96 per cent) (15) Marks and Yoimg (17) commented 
on their inabihty to recover all added insuhn by the method of Scott and Fisher, 
but failed to note Jepheott’s earher observations Smce crude insuhn is re- 
covered almost complete^, the method w ould seem to be more satisfactoiy than 
the partial recov^ery of added purified insuhn v\ ould mdicate In tests made on 
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abquots of two homogeneous preparations of pancreatic tissue obtained in each 
instance from 60 rats, Best, Haist and Rldout (23) (73) found this extraction 
procedure to gn e remarkably consistent results 
The methods of measuring the msulm potenoj of the pancreatic extracts differ 
considerably in the different laboratories Both rabbit and mouse assay pro- 
cedures hare been employed but the latter have been used more commonly for 
the experimental m\ estigations The “mouse” methods depend upon mjectmg 
the test solution into nuco and noting the number of mice which conimlse This 
is compared with the effect of a standard insuhn solution Some workers use 
several dilutions of unknown and standard solutions and compare the relation 
of the two convTilsion-dose curves (18) (19) Others use one dilution of stand- 
ard and one of unknown that causes approximately 60 per cent of the mice to 
convulse A largo number of mice are tested at this dilution and the relation 
of the potencies of unknown and standard are found by reference to a character- 
istic dose-response cun e previously obtamed on a largo number of mice (20) (21 ) 
A comparison of the methods is gn en by Gaddum (22) The accuracy of either 
procedure is dependent upon the number of mice used The number used con- 
stitutes an important point of difference between the tests as earned out b\ 
different workers and is not often mentioned m their reports 
Manner of expressing results The concentration of msiihn m the beta cells 
of the islets is undoubtedly the important value to determine but since the 
simultaneous raeasurcraent of beta cell volume and insulin content of pancreas 
is not fcaaible, other methods of expressing the results must bo followed The 
waj in which the results are expressed differs in the vanous reports Some 
give the results as umts of insuhn per kilogram of bodj weight, others as units 
per gram or kilogram of pancreas and others as units per rat or group of rats 
None of the methods of presentmg the results is satisfactorj under all circum- 
stances In those animals havmg a diffusely distributed pancreas, any expres 
Sion on the basis of weight of pancreatic tissue becomes of doubtful v aluo because 
variable amounts of fat and other material usually are present (23) In the 
rat, whoso pancreas is diffuse, it is convenient to compare the total insuhn con- 
tent of the pancreas of the rats or groups of rats This method is of v aluo onlj 
if the anunals in control and test groups are as nearlj simlinr as possiblo at the 
start of the experiment ItTien a rclatiiely homogeneous population of cases 
can bo obtained, it is the method of choice Expressions on the basis of body 
weight are useful, though here too it is possible to fall into error Frequontlj 
there IS no comment to indicate whether the reference is to the mitial or final 
weight of the test animals The comparison of insuhn contents based on 
the final bodj weight is sometimes misleadmg For example if, m tho test 
group, tho loss m body weight is greater than the reduction m insuhn content 
and tho results are expressed in terms of final bodj weight, then an mcreaso 
over tho control group will bo mdioated vrhereaa no actual increase has occurred 
and tho total content maj be oven less than m the controls Endor varying 
conditions the insuhn content of the pancreas need not bear anj specific rela 
tionship to bodv weight (23), though it is true that m normal untreated rats 
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there is a rough relationship between insulin content and body weight (24) (25) 
In dogs, the population of cases is not homogeneous and here it is frequentlj 
more lUummatmg to mdicate the concentration of insulm as w'ell as the total 
amount of insuhn in the pancreas 


TABLE 1 


Iiisultn content of pancreas tn different species 


1 

SOURCE 

tWlTS/GEAM 

FANOIEAS 

WOfiKEE 

METHOD 

DATE 

Birds 





Ghicken 

0 76 

Redenbaugh, Ivy and 
Koppanyi (31) 

Alcohol H*SO» 

1926 

Chicken 

0 65 

Jephcott (32) 

Alcohol-HCl 

1931 

Duck 

0 63 

Jephcott (32) 

Alcohol-HCl 

1931 

Mammals 





Mouse 

1 7 

Marks and Young (26) 


1940 

Rat (Wistar) 

2 1 

Best, Haist and Ridout 
(23) 

Alcohol-HCl 

1939 

Rat (Wistar) 

0 6 

Soong (83) 

Alcohol-HCl 

1940 

Rat (Wistar) 

1 3 

Marks and Young (26) 

Alcohol-HCl 

1940 

Rat (Wistar) 

1 0 

Griffiths (24) 

Alcohol-HCl 

1941 

Rabbit 

7 8 

Marks and Young (26) 

Picrate-acetone 

1940 

Rabbit 

9 6 

Marks and Young (17) 

Alcohol-HCl 

1940 

Rabbit 

6 2 

Griffiths (34) 

Alcohol-HCl 

1942 

Cat 

2 0 

Baker, Dickens and 
Dodds (35) 

Acetone-pionc acid 

' 1924 

Cat 

0 68 

Takeuohi (36) 

Acetone-picric acid 

1928 

Cat 

2 5 

1 Jephcott (32) 

Alcohol-HCl 


Cat 

1 7 

Scott and Fisher (16) 

Alcohol-HCl 


Cat 

2 2 

Marks and Young (26) 

Alcohol-HCl 

1940 

Dog 

0 8-15 

Nothmann (37) 

AIcohol-HiSOi 

1925 

Dog 

2 1 

Takeuohi (36) 

Alcohol-HiSOi 

1928 

Dog 

2 6 

Takeuchi (36) 

Acetone-picnc acid 

1928 

Dog 

3 8 

Jephcott (32) 

Alcohol-HCl 

1931 

Dog 

5 0-65 

Murray and Waters (38) 

Alcohol-HCl 

1932 

Dog 

3 4 

Best, Campbell and 
Haist (7) 

Alcohol-HCl 

1939 

Dog 

3 3 

Marks and Young (26) 

Alcohol-HCl 

1940 

Guinea pig 

0 08 

0 23 

Marks and Young (26) 
Marks and Young (28) 

Alcohol-HCl 

Picrate-acetone 

1940 

Beef 

0 76-1 2 

Wernicke (39) 

Alcohol-HCl 

1924 

Beef 

16-26 

Somogyi, Doisy and 
Shaffer (40) 

Alcohol-HjSUi 

1924 

Beef 

0 9-16 

Dudley and Starling (41) 

Alcohol-N aHCOj 

1924 
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TABLE l—Condwltd 


iouttx 

tmra/otAM 

fAMCUAa 

WQIEKl 

KtlOOD 

OATS 

3/ammali — Cont’d 





Bwf 

2 6 

Baker, XMokena and 

1 Acetone-plcrio acid 

1924 

Beef 

4 4 

Dodds (35) 

Moloney and Findley (42) 

Alcohol 

1924 

Beef 

1 8 

Fftofer and Wilson (48) 

Alcohol HCl 

1924 

Beef 

2 0 

Langeoker and WIeobow 

Add sloohol 

1925 

Beef 

18-22 

ski (44) 

Scott and Best (45) 

Alcohol HtSOi 

1926 

Beef 

3 a 

Boott (46) 

Alcohol HCn 

1925 

Beef 

18-28 

Blatherrriok et ol (47) 

Alcohol HtS 04 1 

1927 

Beef 

1 a 

Tiksuchi (36) 

Acetone piorio acid 

1928 

Beef 

1 8 

Kauibem (48) 

Alcohol HfSOi 

1930 

Beef 

1 4 

Kaulberst (48) 

Alcohol NaHCOi | 


Beef 

1 4 

Kaulbersx (48) 

Water HO 


Beef 

Beef 

1 5 

3 0-35 

Jephoott (16) 

Water NaHCX)j 
Alcohol HCl i 

1931 

Beef (2 years) 

4 8 

^sher and Seott (49) 

Alcohol HCn 

1934 

Beef (9 yean and 
older) 

1 8 

Fisher and Seott (49) 

Alcohol HCll 

1934 

Pig 

16-31 

Dodds and Dickens (60) 

Water fomue acid 

1924 

Pie 

6 5 

Dodds and Dickens (50) 

and formaldehyde 
Acetone picric add 

1924 

Pig 

3 0 

ClooQb Allen and Mur 

Water HO 

1924 

Pie 

3 0-43 

lin (5!) 

Baker Dickens and 

Acetone plcno acid ! 

1924 

Pig 

17-19 

Dodds (35) 

Fengor and Wlson (43) 

Alcohol HQ 

1924 

Kg 

2 1 

Takeucbi (36) 

Alcohol Ht80« 

1928 

Kg 

1 3 

Taksuohi (80) 

Acetone picnc add 

1923 

Kg 

2 0 

Jephoott (S2) 

Alcohol HQ 

1031 

Sbeep 

1 0 

Baker, Dickens and 

Acetone picric add 

1924 

Sheep 1 

1 8 

Dodds (35) 

Fen^ and Wilson (43) 

Alcohol HQ 

1924 

Sbeep 

0 7 1 

Jephoott (32) 

Aloohol HCl 


Horae 

1 6 

Baker Dickens and 

Acetone^pione add 

1 1924 

Horse 

1 4 

Dodds (36) 

TakeneU (SO) 

Aeetone-piorio acid 

1928 

Horse 

2 0 

Jephoott (^) 

Aloohol HQ 

1931 

Monkey (Maeaooa 





rbesus) 

2 5 

Jephoott (32) 

Alcohol HQ 

1931 

Chlmpanxee 

11 2 

Marks and Yoong (20) 

Alcohol HQ 

1940 

Man 

0 24 

Poliak (62) 


1026 

Man 

0 84 

TakeueU (30) 


1928 

blan 

1 7 

Scott and Fisher (53) 

Alcohol HQ 

1938 
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Insulin content in noimal animals of different species The total insulin con- 
tent of the pancreas ob\iously ^Tlll vary greatly from species to species The 
concentration of insulm m the gland, hoiiever, is far more constant Kormal 
values have been reported for the foUovang fish, chicken, duck, mouse, rat, 
gumea pig, rabbit, cat, dog, cattle, pig, sheep, horse, monkey, chimpanzee and 
man The values obtamed, the extraction method used, the references and 
dates are given m table 1 Some unpublished data obtamed by C M Jepheott 
m 1931 are mcluded in the table 

It v ill be evident that the concentration of insuhn in the pancreas of mammals 
18 somewhat similar m the different species The values for the rabbit and 
chmipanzee are high, nlule those for the gumea pig are unexpectedly low (26) 
Judging from the duck and chicken, fowl ha\e lover concentrations of insuhn 
in their pancreases than most mammals The values m teleost fish, vhich are 
not mcluded m tlie table but range from 2 to 13 umts per gram, can hardly be 
compared vnth the others smee only the prmcipal islets v ere used for extraction 
and these are composed almost entuely of islet tissue (27) (28) (29) Using the 

15 et X ratio of 1 1 obtamed by Richardson and Young (30) for Wistar rats, 

acmar 

and insulm values per gram of pancreas obtamed by Marks and Young (17) 
and by Best, Haist and Ridout (23), it can be calculated that the msubn per 
gram of islet tissue for the Wistar rat is somewhere m the neighborhood of 119- 
193 umts, a value much liighei than any reported for the pnncipal islets of fish 
The values for the msubn content per kilo of body weight of animal, though not 
given m the table, do not show a great range, mdicatmg that m normal animals 
the total insulm content is roughly proportional to body weight Considerable 
variation m msubn concentration and total content have been reported for 
smgle species One important factor m these differences is the age of the 
animals 

Insulin content and age The msubn content of the pancreas changes mth 
age In the cov, the concentration of insulm in the pancreas decreases as the 
ammals become older (49) Fetal cal\es under 5 months show an aierage of 
33 2 umts per gram, fetal calves 5 to 7 months, 23 1 imits, calves 6 to 8 veeks 
old, 11 4 umts, 2-3 ear heifers, 4 8 umts, cows 9 years and older, 1 8 umts per 
gram of pancreas The total insuhn content of the pancreas of Wistar rats, 
however, mci eases vnth age (24) (26) In normal humans above 12 3 '’ears of 
age the pancreatic msulm does not seem to be affected by length of life (53) 
How ever, data on islet v olume changes would mdicate that durmg the first few 
V ears after birth the insulm content of human pancreas probably would show a 
substantial mcrease with age Ogihue (54), m an mtensive study of islet and 
acmar volumes and islet counts m the pancreases of 100 human subjects v ar 3 ung 
from birth to 64 vears of age, foimd that the average islet weight per pancreas 
mcreased from 0 12 gram at buth to 1 07 grams at 21 years The weight of 
islet tissue varied greatb , how ev er, in any age group There w as a rapid mcrcase 
m islet tissue at first, with a tendenc 3 ’’ to level off at the thud 3 "eax but with a 
rapid mcrease again during adolescence, and a final stabilization at about 21 
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years The total islet count increased from an a^*erage of 284,000 at birth to an 
a^cm6e of 960,000 at 3 jeors, after nhich it remained relati\ely constant In 
the first fei\ years of life therefore the mcrease in the number of islets seems to 
account for the mcrease in islet weight, whereas duiing childhood and adoles- 
cence the mcrease appears to be brought about by on mcrease m the size of the 
islets After 21 years of age the amount of islet tissue per kflogram of bod\ 
weight IS fairly constant, though after 46 j oars of age the mcrease m bod> weight 
18 greater than that of islet tissue (64) 

While m certom species, then, the coneeniraiwn of msulm m the pancreas is 
higher m fetuses and 'v ct} > oung animals, yet m others it w ould appear that the 
total msulm content of pancreas mcreascs with age though it may tend to le\*cl 
off when adult hfe is reached 

Seasonal vanatwn tn v^uhn content Fisher and Scott (49) found that better 
jnelds of msuhn were obtamed from beef pancreas during the winter months 
NiUescu (56) obtamed greater yields from Juno to September than from Nor\ em- 
ber to Februar} Howo\er, other factore, such as age and the freshness of the 
tissue, which usualb are not well controlled m studies on beef pancreas, ma> be 
mvohed m these \anations The msuhn content of pancreas does seem to 
fluctuate when obsened over a period of time m carefullj controlled expen- 
ments but the factore mvohed are not clear No feea'mnal relationship has 
been definiteb established 

DtsinlmUon of tnsidtn tn Uie pancreas The distribution of msulm m the 
pancreas of the dog is not uniform It was found tlrnt the free splemc end of 
the pancreas had the Idghest content of msulm (4^ vmits per gram) The 
attached duodenal portion was next (3 1 units ikt gram) and the free duodenal 
end had the lowest concentration (2J2 units per gram) (14) Figures are not 
available concermng the distnbution of iiMulm m the pancreas of other animals, 
but the above order of distnbution v\a3 obeon'ed for islet counts m gumea piga 
(56) In humans also the greatest number of islets was found in the splenic end 
of the pancreas (57) The data do not allow a good comparison of the distnbu 
tion of msulm m the pancreases of different species There is sufficient evidence 
however, to mdicatc that the concentration of msuhn is not uniform through 
out the whole pancreas, a fact that must olwsj's be kept in mmd when a part of 
the pancreas is taken for extraction 

Insulin conienl and anesthesia Anesthesia with urethane and sodium am>'tal 
was found by Best, Haist and Ridout (23) to cause no appreciable alteration m 
the insulm content of pancreas as compared with the v alues obtamed m stunned 
rata This was true despite the fact that the blood sugar was greatlj elevated 
m the group receiving urctlmne The effect of other anesthetics has not been 
reported 

Ligaiion of ducts Hcrxhcimcr (58) showed that extracts of ducUligated 
pancreas were more effective in lowering blood sugar than extracts of normal 
glands Ligation of the ducts leads to atrophy of the pancreas as a whole 
though it has been reported to cause regeneration of the islets (69) (60) Atrophv 
of acmous tissue occurs more rapidly than that of the islets m duct ligated 
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pancreas The original islets, however, atrophy also and regeneration does not 
restore the islets to their normal state (61) This differential atrophy leads to 
an mcrease m the islet-acmar ratio and would account for an increased insulin 
concentration but a decrease rather than an mcrease m total content would be 
expected Such a reduction in the total msulm content of the pancreas has 
been noted by Waters and Best m dogs 8 to 10 Aveeks after hgation of the pan- 
creatic ducts (personal commumcation) 

Infection Menten and Krugh (62) were unable to detenmne any appreciable 
alteration m the msuhn content of the rabbit pancreas followmg smgle mtra- 
venous sublethal doses of parat 3 rphoid B filtrates, despite the fact that hydropic 
degeneration of islet cells may occur m rabbits and gumea pigs suffermg from 
infection with ententides-paratyphosus B group, and despite the fact that 
injections of paratyphoid B filtrates produce destruction of the prmcipal islets 
of certam species of teleost fish It is well to note that the normal values they 
report are surpnsmgly low Jephcott (personal commumcation) found an 
msulm content of 1 4 units per gram pancreas m a monkey d 3 ung from massive 
tuberculosis, ivheieas I’^alues m normal monkeys ai’^eraged 2 6 units per gram 
Murray and Waters (38) induced infection m dogs by hgatmg the appendix and 
wrappmg it with omentum The 5 ’’ concluded that their results showed “that 
there is a sigmficant decrease m the msuhn content of the pancreas of dogs 
suffermg from an acute infection associated with fever and accompamed by sup- 
purative processes ” It might be pomted out that the normal values they give 
are high and that the concentrations m the infected ammals were within the 
range of noimal values reported by other workers It is possible that this 
reduction maj’’ simply reflect a diminished food mtake, smce undemutntion 
itself has subsequently been shown to lower msuhn content (63) Some msuhn 
assajn done m our laboratory for T F Nicholson showed that the msulm con- 
tent of pancreas m rats injected wnth staphylococcus toxm was not sigmficantly 
different from that of control animals receiving the same calonc mtake 

Insidin and tumors Con (64) was unable to find more than a trace of msulin- 
hke substance m a a anety of benign and mahgnant tumors Cramer, Dickens 
and Dodds (65) found also that a number of different tumors yielded no appre- 
ciable amount of msulm 

Ruffo and Correa (66) isolated a substance from spmdle-ceUed sarcomata m 
rats AA'hich Avhen mjected lowered the blood sugar level While the existence 
of msuhn in tumor tissue m general seems unlikely, its presence m certain 
pancreatic tumors and their metastases is Avell established Wilder, Alien, 
PoAAer and Robertson (4) reported a case wnth carcmoma of the islets of Langer- 
hans and metastatic tumors m the liver Tumor nodules taken from the hver 
AAere extracted and tested for msuhn They found from to ^ as high an 
msuhn concentration m the metastatic tumor tissue as they normally obtamed 
from pancreas (0 4 clmical umt (0 13 unit) per gram) Power, Cragg and Lm- 
dem (67) also reported that msuhn Avas found m metastatic islet cell tumors m 
the liA'^er Denck and associates (68) found that a sahne extract of an islet cell 
tumor had an msulm-like effect, and Graham and Womack (69) estimated that 
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4 units of inmilin ^erc present m 1 gram of tumor tissue from one of their pa- 
tients Campbell, Graham and Robinson (70), reporting on 8e\eral cases \nth 
islet cell tumors of the pancreas, found that the innnlm concentration m the 
tumors was 4-40 times that of the normal pancreas A malignant tumor ansmg 
from aberrent pancreatic tissue m the liver was shmvn by Ballinger (71) to 
contain on insulin like material 

It has already been pointed out that the calculated concentration of insulm m 
idel tissue for the Wistor rat is 119 to 193 units per gram Using an 

acinar 

ratio of 1 02 for humans at 21 years of ago, calculated from Ogjlvic’s data (54) 
and insulin concentrations m normal human pancreas obtamed by Scott and 
Fisher (63), the insulm concentration m pure human ulei tissue is found to be 
107 umtfl per gram on the erage and os high as 238 units per gram in mdividuol 
cases These are onlj very approximate values but thej 8er\ e to show that the 
insulin levels for islet tumor tissue published m most reports are lou'er than would 
be expected Ho^\evcr, rcccntli D A. Scott, assaying the insulm content of an 
islet cell tumor pronded by W R, Campbell and R R Graham, found a value 
of 214 umte per gram of islet tumor tissue (total weight of tumor 33 grams) This 
concentration is not greatlj different from the calculated value for the tthi 
tissue of normal human and rat pancreas The concentration is approximatel} 
that which could bo expected if the tumor were pure lalct tissue 

Ztnc and tntuhn content Because of tho association of imc ^^th insulm crys- 
tals and N\ith commercial preparations of insulin, and because of fibrotic changes 
in tlie pancreas resultmg from nnc feeding (72), Scott and Fisher (1C) undertook 
to determme if there ^vere an> significant relation between the insuhn and zme 
content of the pancreases of rats mamtomed on basal diets and diets containing 
added zinc They found that the ingestion of largo amounts of zme caused an 
increase m tho total zinc content of the pancreas but no significant change in the 
total insulm content of the pancreas (basal 1132 units zme diet 10 40 umts) 
It is mtcrestlng to note, ho\ve\ er, that the average concentration of insulm m the 
pancreas was considerably higher m tho group giN en zinc (basal 1 08 umts per 
gram zme diet 230 units per gram), but the i\cight of tho pancreas ^va8 onlj 
about half that of the control group This illustrates tho importance of the yray 
m which results are expressed If these workers had presented their results onli 
m terms of concentration of insulm per gram of pancreas, an erroneous conclusion 
concenung changes m msulm content mig^t lm\e been reached because of the 
great reduction m the acinar tissue 

Dinr AND THF INSULIN CONTENT OF THE rANcnE.V8 Some of the most interest- 
mg changes m the insulm content of the pancreas are those related to altera- 
tions m tbo diet Most of these concern the effect of dunmishmg tho calonc 
intake or reducing the amount of carbohydrate mgested Certain other diotan 
factors, however, ha\ e been m\'cstigated 

Fasting and undcniutntion One ^e^y defimlc change In the insulin content 
of the pancreas is that produced bj fasting Best Haist and Ridout observed 
tJiat m rats stan ed for 80 \eii da>'8 tho insulin content of the pancreas ^■as much 
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lower than m control animals with the same imtial eight (23) (73) The n eight 
loss m the fasted rats was 23 per cent of the mitial body weight, the msuhn con- 
tent for these ammals was 14 1 umts per group of 10 rats and that for the con- 
trols, 26 5 umts per group Reducmg the intake of a balanced diet m male rats 
was found by Haist and Best (63) to brmg about a reduction m the msuhn con- 
tent of the pancreas With a daily mtake of 15 calones per 226 gram rat the 
results were practically the same as for complete starvation With an mtake 
of 45 calones the value was nearer the control level though, on the average, less 
than for the group receimng 65 calones per 226 gram rat Undemutntion 
itself thus may mfluence the msuhn content of the pancreas, though these data 
do not rule out the possibiht 3 ’’ that even when usmg different amounts of a 
balanced diet the available carbohydrate may be the limiting variable 
In dogs the effect of fastmg is more difficult to demonstrate than m rats 
The animals do not fonn as homogenous a group as the rats, and the eqmvalent 
fastmg penod is much longer Haist, Campbell and Best (74) report that m 
dogs fasted for nme daj's the msuhn values n ere m the lower part of the normal 
range Aubertm, Lacoste, Sane and Castagnou (76) claim that fastmg m- 
creased the islet volume m dogs and that m two dogs fasted for 15 and 43 days 
the msuhn concentration m the pancreas was elevated Smee the normal values 
they give, however, (0 15 to 0 23 unit per gram of pancreas) are about one-tenth 
of those commonly reported and smee the normal variation m dogs is great, 
their results ma}*^ be questioned Accordmg to Fogha (76) the pancreases from 
dogs fasted 2 to 3 weeks when grafted mto the necks of depancreatized dogs 
showed no impairment of the ability to reduce blood sugar m four cases, a 
shghtly diminished abihty m one and a very reduced abihty m tv'o others 
These findmgs m general correspond mth the results of msulm a^y m dogs 
and might be a reflection of the msuhn concentration in beta cells (See the 
discussion m the section on the pitmtarj" gland ) 

Fai, sugar and protein Feedmg a diet i erj’^ nch m fat (90 pei cent fat -f- agar, 
salt mixture and vitamins) gii es a reduction in the msuhn content of the pancreas 
comparable to that obtamed -with fastmg (23) (73) Some of our unpublished 
data mdicates that this effect of fat-feedmg on msuhn content is still obtamed if 
fat m the form ot ohve od is given by stomach tube m amounts eqmvalent to 
the normal total calonc mtake The effect is obtamed also even though the 
accumulation of hver fat is prevented by the daily administration of 100 mgm 
of cholme chlonde per rat Best, Haist and Eidout (23) previously reported 
that m rata poisoned with carbon tetrachlonde the msuhn content of pancreas 
was not related to the level of hver fat The effect of fat-feedmg on msuhn 
content therefore cannot be ascribed merely to a poor calonc mtake or to an 
altered hver function associated with the accumulation of fat 

A diet moderately nch m fat (fat 46 per cent, protein 16 per cent, carbohydrate 
28 per cent by weight) appears to give a shght decrease m the msulm content of 
the rat pancreas, but the findmgs do not suggest that an extensive depletion of 
msuhn would be produced readily by a diet of this type (23) The demonstra- 
tion of the effect of fat-feedmg m do^ is accompamed by the same difficulties 
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aa the demonstration of the effect of fasting Haist, Campbell and Best (74) 
report values in the lower part of the normal range for 3 dogs fed fat for eight 
days 

Since fastmg and fat feeding gi\'c similar reductions in insulm content the 
possibility exists that the lowenng of content in both instances results from a 
decreased supply of carbohydrate Best, Haist and Ridout (23) showed that 
^\hen cquicalonc rations of sugar and fat were gi\en, the insulm content of the 
pancreas remained higher in the sugar fed ammals than in those fed fat The 
difference amoimtcd to 42 per cent of the higher ^alue despite the fact that the 
weight loss was comparable in the two groups There nas a noticeable reduc- 
tion m msulm content in the sugar fed group, duo probablj to a reduced calonc 
mtake Feeding a diet moderate^ high m carbohydrate for a penod of 3 to 7 
months gave no appreciable change m insulm content (23) Other observers 
confirm this finding that high carbohydrate diets do not greatl> affect insulin 
content (77) A diet composed almost entirelv of protem appears to have an 
effect on insulm content mtcrmodiate between that of carbohydrate and that of 
fat (23) Some of our unpublished data mdicate that rats receiving a diet in 
which gelatme ts the protem ha\ e a Icm*er content of insulm m the pancreas than 
those rcceiWng equicalonc rations of the some diet ^vlth casern replacmg the 
gelatme The diet was otheruise balanced Four ‘casern” groups ga-ve an 
average content of 216 units per group of 10 rats, vhereas four ‘gelatine’ 
groups receivmg the same calonc mtake had an average content of 15^ units 
per group of 10 rots In all instances the animals recen mg tlic gelatme diet 
lost weight \\hile those on the casern diet gamed welglit It is possible that an^ 
diet not adequate for gron-th or nmmtenancc would gi\*e sunilar results and tliat 
It is not a specific effect for a particular ommo acid deficiency 

Carbohydrate tends not only to mamtam the le\“el of msulm content but also 
to restore the ley el following a penod of starvation ^en rats are starved 
for 7 days and then gi\en a balanced diet, the msulm content of the pancreas 
rotunia to normal yvithm 7 days I\Tien they arc given a diet of sugar the con- 
tent is brought back ynthm the normal range but the le\el a not maintamed 
Fat leads to no elevation m content aboyo the level in the fasting animal but, 
if onythmg, causes a further reduction (23) (73) 

Casern has an effect similar to sucrose when fed to rats preyiously staivcd for 
7 days At the end of 7 days of re-feeding the value for the sugar fed rats 
averaged lOB units per group of 10 rats, and for the casein fed 18^ units per 
group In ty\o expenments m yvhich dextrose yvas gjycn ui amoimts equivalent 
to 60 per cent of the casern intake, the casern groups averaged 20j5 units per 
group of 10 rata, and those receiving dextrose 17 7 imits per group (unpub- 
lished data) 

fho data olrcad} presented yvould Justify the conclusion that the effect of 
diet on the msulm content of the pancreas is due m large part to the amount 
of ayailablo carbohyTirato m the diet, although certain other factors arc not 
excluded 

IntvUn, fasting and fal feeing In an attempt to throw some light on the 
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■way in which the effect of fastmg or fat-feeding was brought about, insulin was 
injected into fastmg and fat-fed rats (13) (78) The insuhn administration 
enhanced the effect of fastmg and fat-feedmg, causing a reduction m the inshlm 
content of pancreas to still lower levels Best and Eiaist conclude "it is improb- 
able that the msulm hberation by islet cells would be mcreased when inHiilm is 
given The msulm production by the islet cells is presumably reduced Smce 
msulm administration enhances the effect of fastmg or fat-feedmg, the effects 
of i n su hn administration, fastmg and fat-feedmg are simil ar These procedures, 
1 e , msulm administration, fastmg and fat-feedmg, apparently rest the pan- 
creatic islet cells by reducmg the need for endogenous msulm ” The msulm- 
treated, fasted and fat-fed rats which have a low insuhn content of the pancreas, 
show a red-uction m the specific granules of the beta cells of the islets of Langer- 
hans (11) but no evidence of hydropic degeneration This further emphasizes 
the close relation betveen the specific granulation of beta cells and in sulin 
content The influence of fastmg and fat-feedmg m preventmg the effects of 
diabetogemc antenor pitmtary extracts on pancreatic insulin content (74) and m 
alleviatmg the effects of extensive partial pancreatectomy (6) provides further 
evidence that these procedures “rest” the islet cells Whether or not m normal 
animals fastmg, fat-feedmg and insuhn administration leave the islet cells ■with 
a greater functional reserve, a greater potentiahty for mcreased function •without 
damage, cannot be decided at present 

Endocnnes, fat-fecdtng and fasting Himsworth and Scott (83) contend that 
fat-feedmg and fastmg influence sugar tolerance and msulm sensiti'vuty by 
mcreasmg the activity of the pituitary gland Chambers, Sv eet and Chandler 

(84) found, howevei, that starved hypophysectomized dogs showed a defimte 
hyperglycemia and an absence of rise m respiratory quotient followmg glucose 
administration That is, they responded m a manner similar to normal animals 
and hence the pitmtarj’- probably is not mvolved m the phenomenon The 
pitmtary also does not seem to be concerned ■with the effect of dietary changes 
on the insuhn content of pancreas The msuhn-lowermg effect of fat-feedmg 
can still be obtamed after the removal of the pituitary gland (13) (85) and, m 
the hypophysectomized animal, after the msulm content of pancreas has been 
reduced by the feedmg of fat it can be restored by gi^vmg a balanced diet (13) 

(85) The reduction m msulm content by fat-feedmg can be obtamed also in 
adrenalectomized and gonadectomized rats (26) (86) These findmgs mdicate 
that the pitmtary, adrenal glands and gonads are not fundamentally mvolved 
m the mfluence of fat-feedmg on the msulm content of the pancreas The 
pancreas appears to be able to regulate production and liberation accordmg to 
the need for msnlin m the alienee of these glands 

Relation to other observations on diet and carbohydrate metabolism When an 
animal is starved or when certam diets are given, defimte changes m the response 
of the body to administered carbohydmte become e^vident There is a progres- 
sive decrease m sugar tolerance, especially marked m the mtermediate penod 
and unpro^vmg agam m the final stage of fastmg This decreased tolerance is 
accompamed by excretion of sugar m the urme and an absence of the normal rise 
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m respirntorj quohont after glucose administration For the relevant Utera- 
turo concerning these changes the reader is referred to a eomprehensrve revicn 
by W H Chambers on Undemutntion and Carbohj'dratc Metabolism (70) 
Haist, Campbell and Best (74) discuBS the relation of the changes m insuhn 
content to these observations They suggest two possibditiea 1, that when tho 
islet activity is reduced, the immediate response of islet cells to anj sudden 
increase m the need for insuhn is less than normal, or £, when the level of insuhn 
liberation is low, that is, when the contmuous outpouring of the hormone is 
reduced, the tissues and especially the h%er are altered so far as their response to 
sugar IS concerned A third possibihty is that oven though tho low msulm 
content is associated with conditions causing the above phenomena, islet func- 
tion IS not mvolved m the phenomena Soekm (12) cites evidence to mdicate 
that "in the presence of a sufficiency of Insulin , but not necessarily an extra 
secretion from the pancreas, the normal hvor, as one of its responses to adminis- 
tered dextrose, decreases the output of blood sugar which it has been previously 
siipplymg from its own resources " Sosfan, Essex, Hemcl. and Mann (80) 
were able to show by direct measurements that the hver played on important 
rfile m tho regulation of blood sugar level by taking up sugar from the blood or 
liberatmg sugar mto the blood as needed Hence the response of the hicr 
to tho blood sugar level would seem to be a very important factor h sugar 
tolerance For a discussion of this subject see tho review bj Soskin (12) 
Soskm considets that insuhn helps to determine the threshold of the homeostatic 
mechanism of tho hver, i o , the level at which the hepatic inlubitory response 
IS obtained Ho does not show however, that mth a lower than normal con- 
tmuous insulm supply no change m sugar tolerance results In human diabetics 
and depancreatiied dogs, Rickotts (81) obtained diabetic tolerance curves in 
response to breakfast despite tho fact tlmt a dose of protamine insuhn giv on on 
the previous evenmg was sufficient to keep the blood sugar normal through the 
following morning if no food were taken Others report results at variance with 
these (12) (82) Soskin suggests that an extra secretion of insuhn ordinanij 
resulting from hjTierglj cemia, wlule not essential, probablj acta as a factor of 
safety in increasing tho efficiencj of blood sugar regulation (12) While the 
idle of tho pancreas m the control of tho blood sugar level is controversial, it 
seems fair to conclude at least that pbj Biological changes m islet function maj 
lead to quantitative changes in the blood sugar regulation 

The effect of vitamin defiaency t oiy little work concerning tho effect of vitn 
min deficiency or excess on the insulin content of pancreas has been reported 
Best Haist and Ridout showed that rats receiving a diet complete except for 
certam vutaniins, and contammg ntamins A and D m tho form of cod-hver oil 
concentrate had a reduced insulin content of pancreas, probablj duo to the 
dumnished calonc intake A second group fed tho same caloric mtako but 
liaving vitamin Bi added to the (hot had an msulm contimt of pancreas not sig- 
mfiicantly different from the first The addition of B, thus seemed to bo with 
out effect on msulm content (23) Further systematic Studies m this field 
should be undertaken 
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Endocrines ai^d insulin content ^Vlule there is at pi esent no evidence that 
the endocrine glands exercise any fundamental normal control over the insuhn 
content of the pancreas, yet m certain instances preparations obtained from them 
do greatly alter the insuhn content For that reason it is important to knoi\ 
IV hich glands affect the insuhn content of pancreas and under v\ hat circumstances 
the influence is noted 

Adrenals The adrenal glands can be removed without greatly altermg the 
insuhn content of pancreas Fraenkel-Conrat, Herrmg, Simpson and Evans (77) 
m one experiment reported that the panci eases of adrenalectomized rats con- 
tamed more insuhn than unoperated rats, but Haist and BeU (25) (86) found 
that adrenalectomized rats maintamed on sodium chloride show ed no sigmficant 
change m the msulm content of pancreas as compared to control animals receiv- 
mg the same calonc mtake (paired-fed controls, 12 4 units per group of 10 rats, 
adrenalectomized, 12 6 umts per group of 10 rats) It has been reported also 
that the administration of adrenal cortical extract gives little change m the 
msulm content of pancreas (86) (77) The finding that the diabetic state of 
partially depancreat’zed rats can be mcreased by ceiiam adrenal steroids (87) 

(88) and the report that glycosuria, though not true diabetes, can be produced 
m normal rats by the administration of 17-hydro\'y-ll-dehydrocorticosterone 

(89) make it seem possible that if certam specific adrenal steroids were used m 
sufficient quantities, some measurable effect on msulm content might be evident 
Fraenkel-Conrat et al (77) observ^ed that adrenocorticotrophic pituitary prepa- 
rations mcreased the msulm content of rat pancreas If this were due to the 
adrenocorticotrophic effect then an adrenal mfluence on msuhn content would 
be mdicated They beheve, however, that the effect was the result of contami- 
nation with lactogenic hormone The fact that the insulm-reducmg effect of 
fat-feeding and the restoration of insuhn content by a balanced diet can be 
obtamed aftei adrenalectomy is good argument for a normal regulation of 
pancreatic msulm that is independent of the adrenal glands (25) (86) 

Gonads Sex differences in the insuhn content of pancreas are not stnkmg 
Fraenkel-Conrat et al (77) repoi-ted a higher average msulm content in normal 
female than m male rats, though there was great ov'er lapping m the range of 
values This difference was not obseiwed after hjqjophysectomy The data 
of Haist and Bell (25) indicate that, considered over a w ide range of body weight, 
males aqd females have roughlj" the same msuhn content of pancreas There 
are differences, however, in the effect of certam procedures on the msuhn content 
in the two sexes For example, horse pituitaiy extiact is pancreatrophic m the 
female but not m the male rat unless the gonads are removed (90) The insuhn 
content of the pancreas is not significantly altered bj removal of the gonads and 
the msuhn-reducmg effect of fat-feedmg can still be obtamed m their absence (25) 
How ever, certam materials obtained from the gonads or simulating their effects 
can cause a great change m the msulm content of pancreas 

Griffiths and Young (91) report that implantation of tablets of oestrogen in 
rats mterferes with normal pituitarj"- function and depresses growth The pan- 
creas IS not reduced in proportion to the bodv'^ as a whole and the pancreatic 
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insulin 13 8ignificantl3 increased in relahon to the bod> weight \n eIe\atJon 
m the insulin content of the pancreas in rats is reported to result from the 
administration of the oestrogens, oeatrone (02), ocatnol (03) oestradiol (93) (94) 
ocstradiol dipropionate (06) and stilboestrol (93) (94) The insulm content of 
the rabbit pancreas is increased by hexoestrol (34) (96) Progesterone has no 
msuliD-morcasing effect (94) and the androgen testosterone does not induce an 
eIc\ation m the insulm content of pancreas in rats (93) In fact, some claim 
that the content is decreased hy testosterone (94) Griffiths reported that alpha 
methyl stilbene closelj related to hexoestrol and stilboestrol, greatly mcrcased 
the pancreatic insubn m the rabbit but was non-ocstrogenic (34) (96) The 
increase uith this matenol was tremendous (cdnlrol, 65 units per gram, mjected 
24 6 units per gram) Smee the rabbit pancreas is diffusely distributed and 
smeo only portions of the pancreas and not the ubole gland ivere used for the 
determinations, senous error might arise from this source Because the alpha 
meth>l stilbene was not oestrogenic Griffiths concluded that the insulm mcreasing 
properties of hcxoestrol and stilboestrol *'ha\e httlo to do mth their oestrogenic 
properties ” Fraenkel-Conrat and assooiates (96) showed that after hjTxn 
physectomj the insiilin-mcreasing effect of ocstradiol dipropionate was not 
obtamed The insulm content of the pancreas was elevated b} the implantation 
of pituitan giands obtamed from rata recci%Tng oestrogens, nhile pitmtancs 
from control rats did not have this effect These axpenments suggest that the 
pituitary mediates the msulin«mcreasmg aotmt^ of oestrogens 

\ axquet-Lopca (97) gu'es as histological evidence of cxcessi\ e secretory activ- 
ity of the islet ceils after injections of oestrogens the demonstration of marked 
enlargement of the Golgi apparatus, and harmoninng with the results on insulm 
content are the reports that injections of oestrm cause an increase m the islet 
tissue in the pancreas of certam species (98) (99) Castration has been reported 
to lead to hyperplasia of islet tissue m gumea pigs, tliough the admmistration of 
testosterone apparenth hod no effect on pancreatic morphology (100) Others 
contend that, m the dog, mjections of testosterone propionate lead to a reduction 
m islet tissue (101) The histological effects of testosterone seem to be no more 
definite than the effects on pancreatic msulm Owmg to the fact that the islets 
\ary grcatlv m site and number among members of the same species, erroneous 
conclusions maj be drawn from estimates of the effect of injected m^tcnals on 
the islets unless some good quantitative measure of islet ^ olume is used E^ en 
w hen this IS done the a olumc of the beta cells, which is the important ^ alue, at ill 
remains undetornunod 

Thyroid ^ anous claims ha\c been made concermng on interrelationship of 
the thyroid gland and the pancreas Fraenkel-Conrat and associates (102) 
emphasirc the mfluence of dosage on the effect of thjToxm, for example, with 
low doses thjTOxln sjmcrgiKS with groivth hormone while with high doses weight 
loss occurs These workers tried the effect of thyroxin in h>'pophysectomuwl 
rats, gi\mg doics sufficient to restore the ox%gcn consumption to norraaL Iso 
svcight loss occurred, but the insulm content of the pancreas was reduced to 
about half that of the controls In one experiment performed on normal rats 
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the administration of thyioxm led to an increase m pancreatic insuhu Some 
observers have reported that the mjection of thyroxm and thyroid extract mto 
normal animals gives hyperplasia of the islets (103) but this i\as not confirmed 
by others (104) 

Ptfmtary A relationship betv een the antenor pituitarj gland and the pan- 
creatic islets had been suspected because of the high incidence of diabetes in 
certam conditions associated with pitmtaiy dysfunction (105) Johns, O’Mul- 
venny, Potts and Laughton m 1927 (106) reported that hyperglycemia, glyco- 
suria and polyuna had been produced m dogs by mjectmg extracts of the antenor 
pituitary gland Injections of antenor pitmtary extracts vere shown to pro- 
duce diabetes m mtact experimental animals by Evans, Mej^er, Simpson and 
Reichert (107), Baumann and Marme (108) and Houssay, Biasotti and Rietti 
(109) Evans and associates noted a persistence of the diabetic state after 
the administration of the extract i\ as discontmued, but the sigmficance of these 
findmgs was not generally appreciated until F G Young showed conclusivelj'^ 
that if the course of mjections of antenor pituitary extracts was sufiBciently 
severe and prolonged, the diabetes persisted mdefimtely after the mjections were 
discontmued (110) The pancreases m these “permanently” diabetic animals 
contamed fewer than normal islets (111) (112) (113) (114) (115) (116) Granule 
stainmg showed that the lack of granular beta ceUs was almost complete (8) (9) 
(111) (115) Campbell and Best (112) reported that the msulm content of the 
pancreas of the permanently diabetic dog was extremely low (less than 2 units 
per total pancreas), a findmg that was later confirmed (7) (117) 

Best, Campbell and Haist (7) observed that dunng the course of the mjec- 
tions of the antenor pitmtary extract, before the diabetic state had become 
“permanent,” there was a progressive reduction m the insulin content of the 
pancreas When, after 7 daily mjections, the administration of the extract was 
discontmued, the msulm content of the pancreas returned to nonnal If the 
course of mjections of the extract was sufficiently severe, then cessation of the 
injections was not followed by restoration of the msulm level m the pancreas, 
the content remainmg low for as long as 198 days Ham and Haist (8) (9), 
reportmg on the histological changes m the pitmtary-mjected animals, showed 
that there was a progressive degranulation of the beta cells of the islets of 
Langerhans that paralleled the fall m msulm content The degranulation was 
followed by hydropic degeneration of the beta cells With the cessation of the 
injections of anterior pitmtarj"^ extract the beta cells regamed their normal granu- 
lation, the return of gianulation correspondmg to the restoration m msulm 
level (9) Richardson and Young (111) had previousl}’’ reported cellular pro- 
hferation and hydropic degeneration of the beta cells of the islets in 2 dogs durmg 
the course of antenor pituitary mjections 

The islet changes m the pituitary-mjected dogs closely resemble those reported 
by Homans (5) and Allen (6) for partially depancreatized animals Also, the 
fall m insulin concentration m the pancreatic remnant m partially depancreatized 
animals is similar to the change m msulm level found m the animals receivmg 
injections of antenor pituitary extracts Allen (6) concluded, and Bell, Best 
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and Hmst (14) support the view, that the islet changes in the partially depan 
oreatued dog aro due to ovorworic of the beta ceUs of the islets with consequent 
exhaustion Hmst, Campbell and Best (74) discuss the cause of the alterations 
in the nmmflls with pituitary diabetes and conclude that here too the islet changes 
result from an exhaustion throu^ overwork In these animals the overwork 
probably results from several different influences The diabetogemo pituitarj 
extracts have profound extra pancreatio effects Thej can exhibit their hyper 
glycemio and glycosunc action m the aboence of the pancreas (118) (119) (120) 
and the action of insulm is antagonized even before the blood sugar is elevated 
(121) (122) (123) Many different trophic prmoiples may be mvolved since 
organs and tissues other than the pancreas show cellular proliferation and evi 
dence of mcreascd activity while the extracts are bemg given (8) (9) Best, 
Campbell and Haist (7) report an mterostmg mveree relationship between the 
fastmg blood sugar level and the concentration of insulin in the pancreas of 
pituitary-mjeoted dogs When the mjections of the anterior pitmtary extract 
were discontinued, the blood sugar fell rather quietly to normal values but the 
msulm content of the pancreas remained low until after the normal blood sugar 
level was restored These findings seem to suggest that the blood sugar level 
or some extra pancreatic factor causing the elevation m blood sugar, is the cause 
of the islet changes rather than the reverse The experiments aro not conclusive 
m this regard and these authors do not ossums that the elevated blood sugar level 
IS the mom factor stunulatmg insulm secretion It seems reasonable to con- 
clude, however, that as a result of the extra pancreatio effects of the extract the 
need for msulin is mcreased The fact that the effects of antenor pituitary ex- 
tract on insulin content and pancreatio islets can be prei ented to some extent 
by procedures such as the administration of msulm (10) (124) (125), fnstmg 
and fat-feeding (74), which presumably reduce the need for endogenous msulm, 
argues m favor of the view that the effects of pituitary injections on islets ore 
due to overwork Ham and Hnist (9) suggest, however, that in addition to 
increasing the need for insulm, the antenor pituitary extracts maj remoie 
restraints which ordinarily hold secretory and growth activities wlthm certain 
limits Hence a direct effect on the islets may operate along with extra-pan- 
creatic mfluenccs by permitting or encouragmg the cxcessne overwork which 
leads to exhaustion Marks and Young (17) also speculate on the manner m 
which the pitmtary effect is brought about 
Houssay and his associates (128) (127) grafted the pancreases of dogs exhibit- 
mg pituitary diabetes mto the necks of depancreatizcd anunals They con- 
cluded on the basis of the effect on blood sugar that there was a diminished 
liberation of Insulm from these pancreases The conchision that there is a 
diminished capacity for secreUon m these pancreases seems reasonable How- 
ever, it IS difficult to evaluate the results Since the pancreatic transplants 
have a limited life one might wonder whether or not some deterioration of the 
tissue may begin at the time the transplant is made Smee ins ulin can be 
extracted from the pancreas by perfusion (128) it is possible that msulin is bemg 
washed out of the pancreatic transplant bj the blood of the recipient animal 
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The amount ashed out uould depend upon the msuhn concentration m the 
islets and the relation of this concentration to the blood insulin level Such a 
test, then, might merely reflect the msulm content of the transplanted pancreas 
However, it does seem likely that once hydropic degeneration occurs or perma- 
nent diabetes with islet atrophy has been established, the liberation of msuhn 
by the pancreas is decreased, and it probably is reduced before this time uhen 
the content of msuhn is low and marked degranUlation of the islet cells is evident 

It is not unthm the scope of this paper to discuss fully the nature of the 
pitmtary diabetogemc factor or factors A marked reduction in the insulin 
content of the panel eas is associated with the diabetic effects in the dog (7) 
(112) (129) (17), and a loss of diabetogemc activity is accompamed by an m- 
abihty of the extracts to reduce the msuhn content (17) Crude sahne, alka- 
line and acid extracts of fresh anterior pituitary glands (130), picnc acid 
preparations (131), pseudoglobuhn (17) (132) and globuhn fractions (7) (133), 
growth (107) (108) (134) (135) and ketogemc (133) (134) preparations haie 
been shown to be diabetogemc in dogs 

The diabetogemc factor closely accompames the growTh factor m its prepara- 
tion, and Shipley and Long (134) suggest that the ketogemc, gro'wth and diabeto- 
gemc factors may be identical Young (136) observed also that pitmtarj 
diabetogemc preparations usuaUy have grondh-promotmg activity Hon ever, 
Marks and Young (17) found that “stale” crude extracts of fresh pituitary 
glands retam grou'th-prhmotmg activity but are not diabetogemc and they 
conclude that the diabetogemc and groiidh-promotmg substances are not identi- 
cal Fraenkel-Conrat and associates (77) found that the administration of 
groivth hormone brought about a deciease in the insulin content of the pancreas 
m the rat, but they i\ ere unable to produce diabetes by its administration This 
effect of grovdh hormone uas still obtained after adrenalectomy but not after 
lemoval of the pituitary The importance of the growth factor m the diabeto- 
gemc action IS again emphasized in the recent work of Mar\, Anderson, Fong 
and Evans (136a), who report that punfied groivth hormone preparations prac- 
tically free from lactogemc, adrenocorticotrophic, thyrotrophic and gonado- 
trophic factors greatlj'" mciease the iinnarj’^ excretion of glucose m partially 
depancreatized, sugar-fed rats 

Albu min and euglobuhn fractions of antenor pituitary are not diabetogemc 
(132) and the diabetogemc effect apparently is not produced by relatively pun- 
fied preparations of prolactm (133) (134) (137) (138), th 3 uotrophic (138), 
gonadotrophic (136) (139) or glycotropic (136) factors Since Houssaj" and 
associates showed that the diabetogemc action can be obtained m some species 
m the absence of thjuoid, gonads and adrenals (140) (141), it is difficult to see 
how a pitmtary prmciple actmg on these glands separately could be responsible 
for the total diabetogemc activity The adrenal gland, however, does seem to 
be mvolved m some way m the diabetogemc effect Long and Lukens (142) 
(143) found that after removal of the adrenals the diabetogemc effect of pituitarj" 
extracts was not obtamed m cats The diabetogemc effect has been obsen^ed 
by Houssay and Biasotti m partially depancreatized, adrenalectomized dogs 
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maintained in good condition %\ith cortical extract (144), desox} corticosterone 
or sodium chloride (141) It would seem then that the adrenals are important 
in the production of the diabetogenic effect, though some effect not mediated b} 
the adrenals must also be granted (141) Of all the organs m the body, the li\ er 
IS most necessary for the diabetogemc effects of pituitaiy extracts (107) (141) 
(146) The occurrence of diabetes as a result of pituitary mjections probablj 
depends not on a smgle pituitan factor but on a vanety of effects, many of them 
'^trophic” m nature (9), exerted on a number of different organs and tissues of 
the body Long (140) considers the possibihty that there may be two constit- 
uents of the diabetogenic factor, one, hent-etable, able to cause ^jeosuna in 
a hypophysectomised-dcpanoreaUsed animal, and one, hcat-labile, required to 
give ketonuna and glycosuria m the mtaot animal oung (130) concius in this 
vien and suggests that the heat-stable factor nia> be responsible for the extra- 
pancreatic effects 

Cortam pituitorj preparations causmg a reduction m the insulin content of 
pancreas in the dog occasion an mcrcase m the insulin content of pancreas m 
the rat (17) (33) (77) (92) (94) (129) Anselmmo, Hcrold and Hoffmann (147) 
had reported that following the injection of an anterior pituitary extract there 
•was an increase m the sisc of the islets of Langerhans Some confirmed, but 
others were unable to repeat their results Richardson and Young (30) showed 
however that mjections of crude extracts of the antenor pituitary gland 
caused an mcrease in the \olume of the islets m AVistar rats The mcrease 
in the insulin content of pancreas that results from the mjection of antenor 
pituitary extracts m rats might be expected then, m viea of the increase in islet 
volume Marks and Young (17) state that evidence is lackmg to show that the 
msuhn inorcosing and islet-mcreasmg factors are the some, but mtimate that 
until evidence for a pluraht> of the factors is forthcoming, the pro\Tsional as- 
sumption ma> be made that one substance is responsible for both effects 

Signs of proliferation are evident in the islets of dogs os ivell as of rats Injected 
with antenor pituitarj extracts Richardson and Young (111) were the first to 
note ondences of cell division m tlie islets of Langerhans in pituitary injected 
dogs Ham and Hawt (8) (91 found proliferation not onl} of the islet cells but 
also of acinar colls and the “mother cells” of tlie small ducts of the pancreas in 
dogs receiving pituitary injections Evtm m the dog, then, there are some 
proliferative effects of the extracts, though here the dcgranulation and degenera- 
tion seem to predominate and the msulm content of the pancreas falls 

The mouse resembles the rat showing an elevation m the insulin content of 
pancreas when crude extracts of pituitorj are used (20) The rabbit exhibits 
a fall like the dog, though usually not so great (20) (131) 

Considerable work has been done m an effort to separate the diabetogemc 
(dog) and insulin increasing or pancrcatrophic factors (rat) Marks and Young 
(17) showed tliat a rclativel> purified diabetogemc, psuoudoglobulm fraction of 
anterior pituitorj extract resembled a crude extract m having diabetogenic 
msulm mcrcasing and growth promoting effects * Stale” crude extracts of 
fresh anterior lol>o tissue (extracts which had been standing 24 hrs at room tern- 
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peratm-e or A\hich were incubated foi 5 hrs at87°C ) were found to have httle 
or no diabetogenic effect, though they did have growth-promoting and insuhn- 
increasing activity Extracts of commercial acetone-desiccated antenor pitm- 
tary glands with no detectable diabetogemc or growth-promotmg activity were 
shown to mcrease the insulm content of the rat pancreas While Marks and 
Young felt that the insulm-mcreasmg (m rats), diabetogenic (m dogs) and 
growth-promotmg substances were not identical, they were unable to obtam 
diabetogemc fractions free from growth-promotmg or msuhn-mci’easmg actmt}'^, 
or to prepare growth-promotmg extracts free from insulm-mcreasmg activity 
They state that them observations “do not preclude the possibihty that the 
antenor lobe tissue contained a substance (pseuglobuhn?) havmg aU three ac- 
tivities (diabetogemc, growth-promotmg and msuhn-mcreasmg), and that differ- 
ential inactivation of prosthetic groups concerned in the different activities maj 
take place ” Later m the paper, however, they conclude that “there are cei- 
tamly two principles ” 

Funk and associates (94) foimd that a protem fraction, prepared by alkaline 
extraction of antenor pitmtary glands previously extracted mth 10 per cent salt 
solution, mcreased the msuhn content of pancreas Fraenkel-Conrat and associ- 
ates (77) report that imfractionated alkalme antenor pitmtary extracts only in- 
creased the msuhn content of pancreas m excessive doses Globuhn fractions 
of these extracts had no effect Their report concermng a decrease m the insulm 
content of pancreas m the lat when growth hormone was administered has been 
mentioned previously This observation supports the contention of Marks and 
Young (17) that the growth-promotmg and msuhn-mcreasmg factors are not 
identical 

Marks and Young (92) conclude that the insulm-mcreasmg factor is not identi- 
cal with the gonadotrophic prmciple First, ox prolactm preparations which 
contamed only a trace of gonadotrophic prmciple had insulm-mcreasmg effects 
They found, moreover, (90) that horse pitmtary extracts which were actively 
gonadotrophic did not elevate the insulm content of pancreas m male rats, 
though they vere active m females Ox pituitary extracts, which were onlj^ 
moderately gonadotrophic, gave an elevation m the msuhn content m both male 
and female rats In this connection they show^ed that treatment with testos- 
terone inhibited the msuhn-mcreasmg action of ox pitmtary extract m male rats 
Smce they found that extracts of horse pituitary actively mcreased the msulm 
content of the pancreas m the female but not m the male animal they con- 
sidered that the effect of the endogenous testosterone might explam the failuie 
of horse pitmtary (actively gonadotrophic) to mfluence the msuhn content of 
pancreas m male rats Moreover, both the ox and the horse antenor pituitarj 
extracts had an msuhn-mcreasmg effect in gonadectomized male and female 
lats This, plus the fact that testosterone itself did not mduce a rise m insulm 
content, led them to conclude that the gonads do not mediate the pitmtarj’’ effect 
(92) The wmrk of Fraenkel-Conrat et al (95) w ould mdicate that, on the con- 
trary, the pitmtary probabl}’^ mediates the msulm-mcreasing activity of certam 
gonadal substances (oestrogens) 
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Marks and Young (92) found that prolaotm was very effectu c in morcasmg 
the innidin content of the pancreas m the rat but considered that it was im- 
probable that prolactm and the pancreatrophio pnnciple were identical They 
thought this for several reasons First, peeudoglobulm fractions of ox pituitary 
had insuhn-inoreasing effects and jet they were free from detectable prolactm 
Secondly, the daily dose of pituitary extract required to give an insuhn-mcreasmg 
effect contamed only } of the effeotrve daily dose of prolactm Fmally, sheep 
pituitary extracts were only half as potent as ox pituitary extracts m givmg 
the mcrease m insiilm content, and yet the sheep pituitanes were richer m pro- 
lactin Fraenkel-Conrat and associates (77) found that lactogemo preparations 
which were chemically pure, as judged by electrophoretic, ultracentnfuge and 
solubility studies, mcreased the insulm content of pancreas The lactogenic 
preparations were effective in 3 out of 5 teats on normal animals when 1 mgm 
or more daily was given for at least 17 days, and were sunilarly active m hypo- 
physeotomiied rats Adrenocorticotrophio preparabons which were also effec- 
bve m increasing insuhn content were contaminated mth lactogemo hormone 
up to 25 per cent and these workers felt that the effect was probably duo to the 
contammabng lactogemo hormone Funk and associates (94) report that 
highly purified prolaotm reduces the insulm content of rat pancreas, but Fraenkel- 
Conrat et al (102) were unable to confirm this effect, findmg only an mcrease 
when pure lactogenic hormone was used under the conditions reported by these 
workers 

Marks and Young (92) conclude that the thj rotrophic factor is not responsible 
for the increase m insulm content, smeo only traces of it are present m the pro- 
laotm fraction which is effecUve m that regard Fraenkel-Conrat and associates 
(77) showed that a purified thyrotrophic preparabon w ns not acbvo m elei abng 
pancreatic insuhn The fact that thjToxm itself lowers the insulm content of 
pancreas m hypophyseotomixed rats (102) may also be taken as evidence against 
the view that the thyrotrophic prmoiplo is the responsible factor The material 
causing the increase in insuhn content is relatu ely unstable to heat and, according 
to Marks and Young (92), loses most of its activity when heated to 100°C for a 
short tune This serves to differentiate it from the glj cotropio factor which is 
relatively heat-stable They found also that alcohol-dned pihutaiy and an 
alcohol-soluble fracOon of ox pituitary were not sigmficantly pancrcatrophic 
when mjcctcd or gii en by mouth 

The results of experiments on hypophysectomued animals assist in the ei alua- 
bon of the rfllo of the pituitary in the normal control of islet activity Chambers, 
Sweet and Chandler (84) reported that the insuhn content of the pancreas m 
hypophysectomued dogs did not differ from that of normal animals Haist 
and Best (13) (85) showed that while the insuhn content of the pancreas m hypo- 
pbysoctomued rats was slightly less than that of control anunals fed ad libitum, 
it did not differ significantly from that of control anunals receivmg the same 
calonc intake Fraenkel Conrat and associates (77) also observed that there 
was no significant difference between the insuhn content of normal and hypo- 
physcotomlxcd female rats In 80 gram hypophysectomued rats, Gnfliths 



430 


R E HAIST 


and Young (24) (91) report an mcrease in the insulin content of pancreas, but m 
hypophysectomized rats of 100 grams or more the amount of msuhn per 100 grains 
of body weight remains virtually the same as for normal controls Accordmg to 
ICnschesky (148) the ratio of islet tissue to body weight m the male rat is in- 
creased by hypophysectomy Haist and Best (13) (85) found that m some 
respects at least h 3 Tpophysectomized rats respond like control animals, smce they 
exhibit a simi lar reduction m the msuhn content of pancreas when fat is fed 
In these animal s the low^ values followmg fat-feedmg can be brought back to 
normal by feedmg a balanced diet It appears that the pancreas can regulate 
the production and hberation of msuhn accordmg to the need for it, m the ab- 
sence of the pituitaiy gland (85) This suggests that the pitmtary exercises no 
fundximental normal control over pancreatic islets, despite the effects of injected 
extracts of that gland 

Removal of the hypophysis alters the effect of mjections of pituitary materials 
Crude sahne extracts of the anterior pituitary gland ha\ e a less stnkmg insuhn- 
mcreasmg effect m hypophysectomized than m normal rats (33) GrifEths 
and Young (24) (91) mdicate that injection of fresh and “stale” antenor pituitarj 
extracts m hypophysectomized rats wtU mduce growth and lead to an mcrease 
m the msuhn content of pancreas which is approximately proportional to the 
mcrease in body weight Griffiths (24) concludes that “although the pituitarj’’ 
gland controls the mcrease m pancreatic msuhn durmg groivth, it may not do so 
by means of a specific msulm-mcreasmg hormone but rather the mcrease is 
associated with the general mcrease m constituents mvolved m somatic growth ” 
Fraenkel-Conrat and associates (77) suggest, however, that the existence of 
opposmg balanced mfiuences (msuhn-mcreasmg and msuhn-decreasmg) of the 
pituitary may afford an explanation of why neither removal nor implantations 
of the gland produce effects on the pancreatic msuhn 

From the reports aheady referred to it will be evident that many anterior 
pituitaiy preparations mcrease the msuhn content of pancreas m the rat Crude 
salme extracts, crude “fresh” alkahne extracts, “stale” alkahne extracts, alkalme 
extracts of commercial acetone-desiccated glands, pseudoglobulm fractions, al- 
kalme extracts of glands previously extracted wuth sodium chlonde, adrenocortico- 
trophic and lactogemc preparations are all reported to ha\ e this effect In addi- 
tion to this, the msuhn content of pancreas can be elevated m intact rats by 
the mjection of thyroxm or by the administration of the oestrogens, oestrone, 
oestnol, oestradiol, stilboestrol and oestradiol dipropionate Some of these 
preparations have been shown to have their sigmficant effect only m the presence 
of an mtact pituitarj’^ gland Injections of crude sahne and alkalme extracts of 
antenor pitmtary and of the oestrogen, oestradiol dipropionate, do not lead to 
the usual well-marked elevation m msuhn content of pancreas m the absence of 
the pituitarj-^ The lactogemc and adrenocorticotrophic pitmtary preparations, 
however, apparently are effective m hypophj’sectomized rats The fact that, 
m the absence of the pituitary, certam preparations are not msulm-mcreasmg, 
whereas m the presence of the pituitary they do have this effect, v ould mdicate 
that the msuhn-mcreasmg action may be mediated or potentiated by the antenor 
pituitary gland 
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If there IS a factor ha\ing a direct msulm increasing action, it must be demon- 
strated that the effect of this preparation on the islets is not mediated by tbe 
pituitaij, thyroid, adrenals or gonads It must also be shown that the pan 
creatio ohimges are not the mdirect result of extra pancreatic effects of the prapa 
ration Tlie purified lactogemc and adrenocorticotrophic materials which ef- 
fectively mcrease insulin content in the absence of the pituitary come closest 
to meetmg these requirements, but as yet no preparations satisfy all of them 

As far ns the msuhn content is concerned the effects of the different pituitary 
preparations already reported are I, a great reduction m the msulm content of 
pancreas in the dog and rabbit, 3 -, an mcrease m the msulm content of pancreas 
in the rat and mouse 3, a decrease m the msulm content of pancreas m the rat 
The reduction m the msuhn content of pancreas in tho dog is associated with 
diabetes and the extracts producmg these effects are said to be diabetogenic 
A reduction in the msulm content of pancreas without accompanying diabetes 
docs not consbtiite a diabetogenic effect The bifluonce on growth and secretion 
m tho panoreaa is called the panoreatrophio effect Tho same extract caiismg 
diabetes and a reduction of pancreatic msulm content m the dog may cause islet 
cell proliferation and an morease m tho msuhn content of pancreas m tho rat 

Marks and Young (17) discuss the possible reasons for the difference m tho 
response of the rat and the dog They state that m the extracts “there are cer- 
tainly two prmciplea (diabetogenic and msulm mcreasmg), and tho observed 
effects can be provisionally cxplamed on the assumption that the dog is more 
sensitii e than the rat to one, and the mt more sensitive than to the dog to the 
other “ Tho extra-pancreatic mechanism maj be more eensibve in the dog and 
the influence of the msuhn mcreasmg factor may be averted more readily m the 
rat Ham and Haist (0) pomt out that secretion as well as growth is stimulated 
by man} if not all of tho so-called pituitary “trophic” pnuciples They argue 
that a poncrcatrophio factor, if it acted hko other “trophic” matermls, would 
(directly or indirectly) stimulate secretion ns well as growth Tho same principle 
then may be involved m tho effects on the islets in dogs and m rats Howoi er 
if the findmg is confirmed that globulin fractions and growth preparations (77), 
which ore diabctogemo m the dog, do not elevate the msuhn content of pancreas 
m tho rat, then this would consititutc evidence m fa\ or of separate diabetogenic 
and msulm incroasbig factors 

It seems reasonable to conclude that while many extracts or fractions which 
are diabetogenic m the dog are msuhn-mcrcasmg m the rat, tho reverse is not 
true Many of tho insulin mcreasmg preparations are not diabetogomo This 
may bo duo to tho nccessit} of a much more potent solution for the diabetogenic 
effect than for the msulm mcreasmg action It is possible that the diabetogenic 
action results from a combination of many extra pancreatic influences, which 
mcrease tho need for insulin and indirectly stimulate the islets, along with a direct 
effect (panoreatropbic ?) which permits or encourages cxcessiio secretion to 
occur (9) If the pancrcatrophio factor is mvolvcd one might postulate that 
new islet cells would bo formed If, at the samo time, the extra pancreatic 
actions of the extract increase the need for msuhn greatly m relation to the func 
tional capacity of tho beta cells then degeneration would occur m the islets 
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and this might overshadow the prohferative effects If, however, the extra- 
pancreatic actions were shght m relation to the functional capacity of the beta 
cells, then the new formation of beta cells would result m an mcrease m islet 
volume and msulm content It has been suggested (9) (74) that if the extra- 
pancreatic effects of pitmtary extracts could be reduced while the prohferative 
effects were still obtained, then an mcrease m islet tissue and more nearly normal 
islet function nught result As we shall see m the discussion of the effects of 
msulm, the administration of insulin along with pitmtaiy extracts tends to pre- 
vent the degenerative changes m the islets while allowmg proliferation to occur 
(10) (74) Extracts of anterior pitmtaiy glands which are pancreatrophic but 
not diabetogenic usually do not improve the diabetes m the pemianenUy dia- 
betic dog (135a) However, these animals may be mcapable of formmg new beta 
cells (115) (9) It would be important to see if animals found to be responsive 
to the diabetogemc pituitary extracts could be made resistant to these extracts 
by pretreatment wath pancreatrophic pituitary preparations or by the previous 
simultaneous administration of anterior pitmtary extracts and msulm 
The administration of insulin Experiments mvolvmg the administration of 
msulm help to throw some hght on the manner m which fastmg, fat-feedmg and 
mjections of pituitary extracts brmg about their effects on the msulm content 
of pancreas Some of the effects concemmg msulm administration have al- 
ready been mentioned bnefly m the discussions of the effects of fasting, fat- 
feedmg and of anterior pitmtary mjections Haist and Best (13) (78) observed 
that when adequate amounts of protamme zmc msulm are mjected into rats rc- 
ceivmg the same calonc mtake as the controls, the msulm content of the pancreas 
IS reduced The reduction is less pronoimced if the msuhn-mjected rats eat 
ad libitum Various reports mdicate that, foUowmg extensive msuhn admmis- 
tration, changes m carbohydrate tolerance are evident which are similar to those 
occumng when fat is bemg fed or the individual is fastmg (149) (150) (151) 
(152) (153) (154) Lacoste, Aubertm and Sane (165) report that mjections of 
msulm twice daily mto dogs lead to an mcrease in the msulm content of the 
pancreas The values per kilogram of pancreas which the}’^ give aie extremely 
low and their differences do not seem to be sigmficant These observers also 
noted an mcrease m the number and volume of the islets m insulm-treated dogs 
Several other observers report hyperplastic changes followmg lepeated doses of 
msulm m the gumea pig, dog and white rat (156) (157) (158) (159) (160) 
Schereschewsky and Moguilmtzkj’’ (161) found onlj"^ congestion of the islets after 
massive doses of msuhn MeJunkm and Roberts (162) report that excessive 
msuhn administration m young rats inhibits the prohferative activity of the islet 
cells although the weight gam of the animals contmues to be as great or greater 
than normal In the pigeon, large doses of msuhn mduce atrophy of the beta 
cells of the islets (163) and, m the rat, depressive changes occur (164) With 
large doses m the rat, Latta and Harvey (165) found a succession of changes lead- 
mg to shrinkage of the beta ceUs, followed by practicallj’’ complete disappearance 
of the specific granules of these cells and nuclear changes After cessation of the 
injections the beta cells regamed their normal granulation and appearance A 
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reduotaon in the specific granules of the beta cells after insulin admmistration 
had been eommented on previously bj Haist and Best (11) Several observers 
(165) (160) (167) failed to find anj evidence of hyperplasia foUoivmg insulin 
injections MirsVy and associates (107a) observed that in a few young, 
partially dopancreatiied dogs a persistent diabetic condition could be produced 
by excessive and prolonged insulin administration Fogha (168) reports that 
the pancreases from dogs receiving repeated mjections of insulm plus sugar for 
37 days, when transplanted mto the necks of depancreatiied dogs, brought down 
the blood sugar as quicklj as pancreases from normal animals It should be 
pomted out that the depressive changes m the islets and in the insulm content 
of pancreas followed masslie doses of insulm, ahereas the evidences of hjTier 
plasia usually were reported when smaller doses were used 

The changes m the insulin content of pancreas and in the islets when large 
doses of msulm are mjected, appear to mdicatc that insulm in excess reduces 
islet function Latta and Ilarvej (165) state that, following repeated mjections 
of msulm the histological changes mdicatc an almost complete suppression of 
metaboUo activity m beta ceUs It seems reasonable to conclude that insulm 
administration tends to dimmish the production and the hberatlon of msulm by 
the pancreas If this is true then the fall m insulin content results from a greater 
decrease m production than in hberatlon With the resultant lower msulm 
level m the pancreas, however, liberation is reduced also until production and 
liberation are again balanced at the lower level Whether the effects of insnhn 
administration are exerted by its influence on blood sugar level or blood msulm 
level, or indirectly through the pituitary or liver, is not known Smee the effect 
of fat-feedmg on the insulm content of pancreas is sunilar and may still be ob- 
tained m the abeence of the pituitarj gland, the pituitaiy mediation of the effect 
IB not likely 

As has already been pomted out, the mjection of protamine nne msulm mto 
starvmg rats or mto rats fed fat, reduces the msuhn content of pancreas to a 
much greater extent than would result from fastmg or fat feeding alone (13) (78) 
On the other hand the admmistration of msulm reheves the diabetes m partially 
depancreatired dlabebc dogs and cats and restores the islet ceDs (169) (170) 
It prevents the great reduction m insulm content and the degranulation and 
degeneration of beta colls that would otherwise result from the mjeotion of 
diabetogeme anterior pituitary extracts (10) (124) (125) and m permanentlj 
diabetic cats, restores the islets (125) In pituitary-mjected dogs receivmg 
msulm the degenerative islet changes were m most instances prevented, but the 
proliferative ones were still oheerved (10) (74) It would seem that the pancrea- 
trophio effect of the pituitary extracts was still obtamed in these animals, but 
that the degeneration of beta islet cells did not occur, presumably because the 
extra pancreatic effects of the pituitary admmistration were greatly reduced bj 
the mjection of insulm 

Recapitulating then, injections of insulin m adequate amounts have been 
shown to reduce the msulm content of pancreas they enhance the inmilm lower- 
ing effects of fnt-fecding and of fasting in the rat but tend to reduce the effect of 
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antenor pituitaiy extract and of partial pancreatectomy on the insulin content 
of pancreas and histology of the islets m the dog It seems clear that the effects 
of fastmg, fat-feedmg and insuhn administration are similai m some respects 
and opposed to the effect of mjections of antenor pituitary extiact and of partial 
pancreatectomy The evidence suppoits the behef that the pituitaiy extracts 
and partial pancreatectomy'’ lead to an exhaustion of the islet cells through ov er- 
work, whereas the administration of insulm* fastmg and the feeding of fat, 
reduce the need for endogenous msuhn and decrease the v ork of the beta cells 
of the islets of Langerhans 

Other ttpbs op experimental diacbtes The changes m the msuhn con- 
tent of pancreas in pituitary diabetes haie been lef erred to previously Three 
other methods of producmg experimental diabetes should be mentioned These 
are partial pancreatectomy, the admmistiation of phlonzin and the adminis- 
tration of alloxan 

Partial pancreatectomy Homans (5) and Allen (6) shoved that lemoval of 
a large part of the pancreas m dogs led to diabetes associated mth degranulation 
and hydropic degeneration of the beta cells of the islets of Langerhans Con- 
cermng insuhn changes m partially depancreatized animals, Haist and Best 
found that when a portion of the pancreas nas remoied from dogs and the 
animals did not become diabetic, the concentration of msuhn in the remnant 
remamed within the normal lange, but nhen sufficient pancreas vas removed so 
that the animals did become diabetic, then the insulm concentration m the pan- 
creatic remnant fell to veiy low values (13) (14) Alien (6) attnbuted the islet 
changes to exhaustion through overn ork, a Auev suppoiled by the msulm studies 
(14) Proliferative changes m the pancreas rather similar to those resulting 
from mjections of antenor pitmtary extracts have been reported to occur in the 
pancreatic remnants followmg partial pancreatectomy in the gumea pig (171) 
(172), dog (172) (173), and rat (174) IVhether or not the changes m pancreatic 
islets m the partially depancreatized dog are due to a pituitary' influence cannot 
be decided at present In the absence of the pituitary the marked lowenng of 
insulm content m the partially depancreatized dog does not occui, even though 
the pancreatic remnant is very small (14) Either the pitmtary is in some way 
directly responsible foi the effect on the islets or else, m the absence of the pitm- 
tary, heavy' demands on the pancreas for insuhn are not made 

Phlonzin The admmistration of phlorizm leads to a state which piesents 
some of the features of diabetes but differs m important respects Phlonzin 
administration reduces the reabsoiption of sugar m the kidney tubules (175) 
and hence leads to a greatly increased excretion of sugar m the urme The blood 
sugar level is Ion ered and there is an mcreased nen formation of sugar m the 
hver (176) 

Nash and Benedict (177) found that extracts of pancreas from phlorizimzed 
dogs lowered blood sugar m a normal fashion and Con (178) repoited no appre- 
ciable difference between the insuhn content of tv o phlonzmized and tv o normal 
cats These were not particularly' accurate assays but indicated that insuhn 
was still present m the pancreases of phlonzimzed animals Houssay' and Fogha 
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(179) found that pancreases from phlonianised animals when grafted into the 
necks of depancreatized dogs had a diminished ability to restore the blood sugar 
to normal They concluded that the insulin secretion was diminished Lemons 
in the beta cells of the islets m phlonnnised animals n-ore foimd by Porto (180) 
On the bams of these results one might predict that the insuhn content of pan- 
creas m the phlonzmired animals would be reduced Opposed to this is the 
report that islet hypertrophy has been noted m the guinea pig after phlonnu 
administration (181) 

Alloxan Alloxan, first obsened to ha^o a hyperglycemic action by Jacobs 
(182) has been shown bj Shan Dunn and his colleagues to cause necrosis of islet 
tissue m the pancreases of rabbits (183) (184) With the de\elopmont of islet 
lemons as a result of repeated mjections of alloxan, rats develop persistent 
glycosuna, hyperglycemia and other changes characteristic of diabetes (186) 
Hughes, Ware and Young (186) showed that m the rabbit the hypogb ccmic 
effect of alloxan can be simulated by the injection of the amount of insulm calcu- 
lated to be present in the normal rabbit pancreas Thc> suggest that preformed 
insulm is hberated bv necrotic islet cells to gi\c the hypoglycemia The islet 
necrosis m animals mjected with allcaan would lead one to expect a reduced 
msuUn content of pancreas Recently, Goldner and Gomon (187) reported that 
values for the msulm content of the pancreas in 2 alloxan diabetic dogs were \ cr\ 
low, and some preliminaiy results obtained by Ridout and Wrenshall (personal 
commumcation) indicate that the insulm content of pancreas m rats is reduced 
after alloxan administration Iu48 hours the insulm contenthadfallen to 0 1 unit 
per rat m the alloxan treated group as compared to 1 1 umts of insulin per rat 
in the patred fed control group 

Human dtabeiee and the insuhn conlail of Uie pancreas Poliak (62) found tliat 
the concentration of msuhn m tho pancreas of diabetic humans ■u'as much less 
than normal His normal values, howoA'er were much lower than those reported 
later Scott and Fisher (63) found that the msulm content of the pancreas m 
14 nondiabctic human patients a\eragcd 1 7 units per gram of pancreas (173 
units per pancreas) In 18 diabetics the msuhn c<mcentratioQ a\eraged less 
than 0 4 unit per gram of pancreas or a total of less thou 40 units per pancreas 
One moderately severe diabetic patient kept under control with msulm for many 
years showed a content of 1 0 umts per gram or 162 units tota} msuhn in the 
pancreas, m other words a normal insulin content One patient admitted in 
diabetic coma and not respondmg to insulm m the 30 hour mtcr\ ol before death, 
hod an msulm content of less than 0 06 unit per gram, or a total of 3 umts m the 
whole pancreas The high value m the msulm controlled diabetic is m keepmg 
with tho results of adequate msulm administration in animals receiving diabclo- 
geme antenor pituitary attracts The findings m Islet studies on tho pancreases 
of human diabetics \ ary greatly but tho general conclusion is that there is no 
characteristic Islot lesion in diabetes Ho\vc\cr, as several ob3cr\ers ha\o 
pomted out while tho islets may lie normal m appearance in hematoxylin and 
cosln sections, specific granule stains might show cxtonsl^ c dcgnmulation of beta 
cells to be present The insulin concentration closch parallels beta cell granule- 
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tion in other studies and one would expect from the insulm assays that beta cell 
granulation would be reduced The human matenal iviU vary greatly m the 
tune after death at which the pancreas is taken for study and m the conditions 
under which it is kept This in itself may lead to changes m mfi iilm content and 
in the granulation of the beta cells of the islets 

Stimidatwn of islet secretion The factors mvolved m the stimulation of mmilm 
production and secretion by islet cells are not clearly established Many con- 
sider that an elevation of the blood sugar level is the mam stimulus for secretion 
Evidence in favor of this view was to be found m the observations that mjections 
of sugar or hyperglycemic blood into the artery of a pancreas transplanted to 
the neck (188) or m its nomaal location (189) caused a fall m the blood sugar 
level, whereas the same amount of gluct^e mjected elseahere gave, if anythmg, 
a shght increase m blood sugar 

Allen (190), workmg ivith partially depancreatized dogs, found that keeping 
the blood sugar at normal levels or below by the administration of phlonzm 
did not prevent the development of the degenerative changes m islet cells He 
concluded that the stimulus leadmg to hydropic degeneration was some humoral 
factor, not the excessively high blood sugar but possibly a deficiency of its own 
secretion, insulin, m the circulatmg blood More recently, Lukens, Dohan and 
Wolcott (191) observed that phlormn treatment restored the blood glucose 
to normal levels and prevented the development of islet lesions m pituitary- 
mjected dogs As a result of their findings they consider it likely that hyper- 
glycemia 18 important in the pathogenesis of diabetes It is hard to beheve 
that these differences m the effects obtained with phlonzm are due to the dif- 
ferences m the prepations used, but they are difficult to explam on any other 
basis 

Woemer (192) mamtamed the blood sugar above the normal level m gumea 
pigs by the contmuous intravenous mjection of dextrose and found that there 
was first a reduction m the granulation of beta cells followed by an extensive 
increase m islet tissue Usmg larger amounts of sugar he found that the majonty 
of the beta cells were exhausted or showed the beginning of degenerative changes 
(193) Houssay and associates (127), usmg a contmuous mtravenous infusion 
of glucose m dogs, kept the blood sugar for 4 days at levels approximatmg those 
obtamed after pitmtary injections None of the degenerative lesions were evi- 
dent, the islets, on the contraiy, showed signs of hyperplasia They concluded 
that the pitmtaiy action on islet cells was not mediated by hyperglycemia 
Gomon, Enedman and Caldwell (194) observed that when the blood sugar was 
elevated m gumea pigs the specific beta cell granules disappeared and when the 
blood sugar returned to normal the beta cell granulation was restored 

While the evidence for the influence of blood sugar level on insuIm secretion 
IS accepted generally, yet there is some mdication that the blood insulm level 
may be mvolved It is impossible to say which of the two is the factor of prune 
importance or whether both are concerned m islet stimulation Blood sugar 
level and blood insulin level probably change at the same time but the lAle of 
blood insulin level cannot be assessed properly until better methods for measurmg 
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insulin m the blood are available E\en when the blood insuhn le\Tl can be 
measured accurately the problem still will not be simple because the lo\el of 
insulin m blood \\'ill depend not only on the mte of Insulm Ubcration b> islet 
cells but also upon the rate of removal of inmilm from the blood 
Some obseivers asenbo a large part m the regulation of insulm secretion to 
nervous factors For a discussion of this aspect of the subject the reader is 
referred to pubUcations bj Hoiissay (195) (190) and Jensen (197) Houssaj 
and his associates hold that the essential regulation of the secretion of insulin is 
by kuraoral factors, but that m the dog the nervous s\'Btem docs plaj a part, 
though a secondan and dispensable one 
The rdle of the pituitary m the stimulation of insulm secretion is not de/miteh 
established It \\ ould appear that there la a fimdamcntal control of islet actlviU 

^hich IS mdependent of the pituitary ^and This normal control jirobably is a 
humoral one, though nenous factors maj niodif\ it somcuhat In addition to 
this fundamental j’egulation, a second mechanism is suggested by the results of 
the mjections of anterior pitmtarj extracts These seem to indicate that under 
certam expenraental conditions a direct pituiUuy stimulation of the islets ma^ 
occur Whether or not this superimposed pitiutary stimulation plays any part 
In the normal ommol cannot be decided at present It might be visuabi^ed os a 
special means for enhanemg islet Bccrction ^\hen the need for msulm is greatlj 
increased 


sumtAii\ 

From the literature ro\ lewud it is eMdeot that insulm is produced in the pan 
creas by the beta cells of the islets of tangerhans and that the regulation of its 
level IS a matter of some complexity There ore good methods available for its 
extraction, and the procedures for testmg the potency of the extracts ore satis- 
foctoiy though not as precise as could be desired The distnbution of insulin is 
not uniform throughout the nhole pancreas, hence small samples may give 
erroneoas results The manner m which the results of the assays are expressed 
IS also very important 

The \aluo for the insulin content of the pancreas m normal mammals is 
romarkably similar in different species, though the age of the ammal and the 
diet taken will affect it No defimte seasonal change m insulin content has been 
established, but unaccountable fluotuations m loiel occur Anesthesia with 
barbiturates does not greatlj alter it Infectioai, under some circumstances, has 
a questionable effect which may be the result of a diminished calonc intake 
Ligation of the pancreatic ducts reduces tho site of the pancreas and also the 
total amount of insuhn present in that organ Tumors of the islets usually 
contain rclativclj large amounts of insubn which ma\ m some instances approxi 
mate the amount calculated to bo present in pure jalct tissue In human diabetes 
tho insulm content of the pancreas is low This 6ndmg is similar to that obtomed 
m experimental diabetes, for the content b greatlj reduced after extensive par- 
tial pancreatectomy, administration of alloxan or injections of certain antenor 
pituitary extracts 
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One of the most important factors affecting the insulin content of the pancreas 
IS the diet The insuhn content of pancreas m the rat is reduced by fasting, 
lessemng the calonc intake of a balanced diet and by fah-feeding The reduction 
seems to be related to a deficiency of carbohj'drate or caibohydrate-fonmng 
substances m the diet Diets rich m carbohydrate, on the other hand, do not 
appreciably increase the insulin content of the pancreas above the normal level 
The effect of feedmg different diets after the msulm content has been reduced 
by fastmg gives some indication that dietarj’’ factors other than carbohj'drate 
may be mvolved m the regulation of the msulm content of the pancreas This 
conclusion is supported by the fact that diets deficient m certam ammo acids 
and not adequate for grovth or maintenance occasion an appreciable reduction 
m insulin content No specific effects of vitamms ci of zinc feeding on the insulin 
content of pancreas have been established 
The mjection of large doses of insulin m the rat leads to a reduction m the 
msulm content of the pancreas and to depressive changes m the islets Insuhn 
admimstration m fastmg or fat-fed rats greatly augments the effect of these 
procedures, givmg a still further reduction m insuhn content 
The msuhn-reduemg effect of fat-feedmg m rats can still be obtamed after 
removal of the gonads, adrenals or pitmtary, and, m the adrenalectomized and 
hypophysectomized ammal, the low content resultmg from fat-feedmg can be 
restored by givmg a balanced diet The removal of these organs does not in 
itself lead to an appreciable change m the msulm content The findmgs mdi- 
cate that normally there is a fundamental regulation of the msuhn content of 
pancreas that does not mvolve the pituitary, adrenals or gonads 

Injections of certam antenor pitmtsu^"^ preparations, however, lead to an 
increase m the msulm content of the pancreas m the rat Oestrogenic matenals 
and thyroxm also have a sunilar action Some of the effects appear to be medi- 
ated through the pitmtary gland In most instances when the msuhn content 
of the pancreas is elevated there is some evidence that the treatment leads to an 
mcrease m islet volume The mcrease m msulm content therefore is presumably 
related to the mcrease m the volume of functiomng beta cells 
The administration of diabetogemc pitmtary preparations or extensive par- 
tial pancreatectomy m the dog results in a verj"^ pronounced lowenng of the 
insuhn content of the pancreas accompanied by degranulation and hydropic 
degeneration of the beta cells of the islets of Langerhans 
It IS apparent that the msuhn content of the pancreas may be reduced by tn o 
different and opposed groups of conditions One includes fastmg, fat-feedmg 
and the administration of msuhn m the rat, the other takes m extensive partial 
pancreatectomy and the mjection of diabetogenic antenor pitmtary extracts in 
the dog The treatment with msuhn helps to show up certam differences in 
the two groups Insuhn mjections enhance the effect of fastmg and fat-feedmg 
m the rat, reduemg the msuhn content of pancreas to very low values, u hereas 
rns nlm tends to prevent'the loi\ ermg of msuhn content or the islet changes that 
would ordinanly result from pitmtary mjections and partial pancreatectomj 
The fact that fat-feedmg and fastmg also reduce the effect of these procedures 
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makes the contrast between the groups more striking The evidence seems to 
support the view that fasting, fat-feetmg and insulm administration reduce the 
need for endogenous insulm and lower the insulm content of pancreas b> making 
the islet cells less active In tlus group the lowering must result from a dunmu 
tion in production relative to anv change m liberation On the other hand, the 
great mcrease in islet stimulation resultmg from the injection of anterior pitiutarj 
extracts or partial pancreatectomj probablv leads to exhaustion of the beta 
cells through overw ork The Imvenng of the insulin content of pancreas m this 
group would seem to result from an mcrease in the liberation of insulin that 
18 out of proportion to anj change m the production of that material 

The factors pnmarilj responsible for the stimulation of the beta cells of the 
islets are not clearlv established Some contend that the blood sugar level 
plavs the chief part m this regulation, though others belle^ e that the blood insulin 
level may be involved The nervous system has onl> a mmoj; r61e While the 
fundamental control of the insulm content of the pancreas is not dependent upon 
the pituitary adrenals or gonads, nevertheless, under certam experimental condi- 
tions, it would appear that a pituitary effect maj be superimposed upon the 
essential mechanism It has not been demonstrated that such a direct pltuitarv 
influence operates m the normal animal, but if it does it would provide for on 
additional mcrease in the secretion of insulin when the need is great 

The evidence Indicates that, m experimental animals several means are avail- 
able for reducing islet stimulation and lesseumg the strain on the beta cells 
There is reason to behev c that the same procedures are effectiv e also m humans 
Whilo it is true that by their use islet damage can be prev ented and the beta 
cells restored yet, on the other hand, their exceasavo application may lend to 
poor nutrition of the animal and, m some instances, to atrophy of the islets 
Smeo excessive *rest” may be undesirable as well os oxcessiv e stimulation, dis- 
cretion must be used m the clinical application of these flndmgs 
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PHTSIOLOGICAL ASPECTS OF HUMAN GENETICS, FIVE HUMAN 
BLOOD CHARACTERISTICS 

HERLUF H ffTRANDSKOV 
Dtpartment of ZooUtsVt Oniftnilp oj CMcapo 

As new facta ore uncovered relative to the genetics and physiology of human 
variations it becomes of mtereat to attempt to correlate and integrate them 
In this paper we have tried to do this for five human blood characteristics The 
five we have chosen for consideration are 1, the M N blood types, 2, the A B 
blood groups, 3, sickle cell anemia, 4, hemophHia, and 6, the Rh blood factor 

The M N blood types In 1927 Landstemer and Levine (72, 73) reported that 
human bloods fall into three tj pes, depending upon the presence of one or both 
of two agglutmogens which they called M and N (These types are distmot 
from the better knoivn A B groups ) An mdividual may possess only agglutino- 
gen M m his red blood cells, only N, or both M and N No mdividual has ever 
been found to be laclong m both 

The M N blood type of an mdividual is revealed by testmg his blood with 
anti M and onti N sera produced m rabbits or m some other laboratory animal 
(For methods of technique, see 148, 118 ) Anti M and onti N agglu tinins are 
normally not developed in human blood, that is, they are normally not iso- 
ag^ubnms 

In 1928 Landstancr and Levme (74) announced that tlie M N blood variations 
are entirely genetically determmod and that they are inhented m a relatively 
simple fashion According to them the observed M-N types result from vana 
tions in a single pair of autosomal alleles. (By a pair of alleles we mean a pair 
of genes occupying the same locus on a pair of homologous chromosomes. The 
term autosomal impbee that the genes mvoli ed are not located on the sex chromo- 
somes but on one of the other twenty three pairs of human chromosomes or 
autoeomes as they are called ) According to the hypothesis suggested an indi 
vidual develops only ogglutmogen M when he is homoijgous for one of the 
alleles, only N when he Is homosygous for the other one, and both M and N 
when he is hetoroiygous Many later studios (see 148 and 11) have substan 
tiated fully these conclusions. 

When it has been definitely established tlmt a set of alleles is mvolved m the 
determination of variations within n character it is conventional and oxtremclj 
desirable to assign a common symbol to the locus of the alleles Generally an 
abbreviation of the character in question is choeon The different alleles are 
distmguishcd by capitahxatlon or by sub- or superscript Landstemer and 
Levme ha\e never assigned any genetically appropriate sjmbols to the two 
alleles concerned in the determination of the M N blood types. In 1941 Strand 
skov (130) suggested A“ and A” (A was ohosen as an abbreviation of the term 
ag^utmogen ) If wo adopt these symbols the gcnotj'pcs of the three M N 
blood types ore 
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BLOOD T\I*E 

OS PHKNOTVra I 

CEKOTSTt 

M 

A“A“ 

MN 

A®A» 

N 

A”A" 


On the basis of the information given above it can easily be shown that the 
oflfspnng results e^qiected from the vanous M-N matings are 


MATCfO 

orrsmso sesdlts expected 

Genotypic ratio 

Phenotypic ratio 

1 A® A® X A® A® 

*1 A®A“ 

1 M 

2 A®A® X A® A" 

i A® A® i A®A® 

JMN 

3 A®A® X A^A” 

1 A®A" 

1 MN 

4 A®A“ X A®A'' 1 

t i A®A® i A“A’' i A-'A” 

JM 4MN JN 

5 A®A“ X A^'A'^ 

i A®A“ J A^A” 

JMN iN 

6 A“A“ X A“A“ 1 

1 A" A'' 

1 N 


* The coefficient 1 implies unity or all 


The expected mating lesults presented above are obtained by applying the 
compound probability law of mdependent events For the calculation of ex- 
pected results the form used in algebra is the most smtable 

Example 

Mating 9 MN x d' MN or 9 A® A” \ d' A^A” 
eggs expected «= i A® i A“ 
sperms “ “ i A“ i A® 


} j A”A“ 

}A“A'' }A"A“ 

Genotypic ratio 

expected = J \ni J A"A“ i A"A" 

Phenotypic ratio 
expected = i M J MN i N 

The A“* and A" alleles have been shown to be inhented mdependently of the 
alleles which are responsible for the A-B blood group variations (6, 145) 

Accofdmg to the univeisally accepted tenets of genetics every cell of the body 
of a given individual possesses the same gene complex as did the zygote from 
which the mdividual dei eloped Hence, for example, every cell of an MN indi- 
vidual possesses an A“ and an A“ gene From all mdications, however, M and 
N agglutmogens aie produced only withm red blood cells At least Boyd and 
Boyd (12) and Wiener and Forer (149) were unable to detect M and N agglutino- 
gens in tissues other tlian blood Boyd (10) even tested spermatozoa Hence 
it seems probable that onl3 in red blood cells are environmental conditions favor- 
able for the action of the A“ and A" genes, at least in so far as the production 
of M and N agglutmogens is concerned The possibihty exists that the A® and 
A" genes are responsible for the catalysis of phj'siological processes in other 
cells nhich produce other tj'pes of xnnations m those tissues, but so far no such 
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effects have been reported For a definition of a gene and a general discussion 
of gene phymologj , see Wnght (161) 

We have already pointed out that oveiy red blood coll of the heterosygote 
(A“A*) possesses both M and N agglutinogens This must mean that the two 
alleles A" and A* are responsible for the catalysis of somewhat mdependent 
chemical processes This is a rather unusual condition Two alleles In a hetero- 
sygote which IS distmgmshable from either homorygote generally produce an 
intermediate effect m one charactenstio rather than two separate and clearly 
distmgmshable chaiactenstics such as the M and N agglutmogena. 

Although both the M and the N agglutinogens are present m the heterosygote 
neither is as strongly developed m it as it is m its respeotiv e homosygote (73, 74, 
154) This could mean that a smgle dose of each allele can not effect the cataly- 
sis of chemical processes to the same extent ns two of them can when together 
Another possible explanation is that in the heterosygote both the A“> and the A* 
alleles draw upon the same substrate and that there le an insufficienoy of this 
matenal for a complete expression of each gene 

Smce the M and h agglutmogena are found onlj within red blood it seems 
probable that the effects of the A” and A* genes are entirely mtracellular This 
IB m contrast to many other human genes whioli produce extracellular effects 
through hormone systems or other cell products In turn the physiological 
activities of the M V slides apparently are not influenced bj hormone systems, 
at least not sex hormones, because we find the same M N phenotypic frequenc} 
among the two sexes 

The A“ and A” genes apparently are fuUj active prior to birth Moureau (98) 
has demonstrated the existence of M and N agglutmogons m the blood of human 
embryos os early ns the second month of pre-natal hie Hyman (00) found no 
changes m type foUowmg birth She beheves that the type is fuUj established 
bv the seventh month of mtra utenne development if not earlier 

It is not only possible to study the genetics of an individual but of n population 
as well This analysis consists in part, at least, of determining the relative fre- 
quencies of the alleles of every known gene locus. When a character is mhented 
m as simple a fashion ns are the M N blood types it is nctuall} possible to count 
the number of each allele within the population. For e.xampla, if it were found 
OS a result of tests that a population m equflibnum consisted of 30,000 M, 
48,000 MN and 10,000 N mdividuols, the relative frequencies of the A" and A* 
genes would be 00 per cent and 40 per cent respcctivolv For any population 
tlio percentage fraquenej of the two M N alldes are 


A“ 


A“ 


M-i-’f 


N + 


MN 


It 18 , of course, often impractical to test all individuals in a given population 
with respect to variations m an inherited character but sufficiently largo samples 
for statistically reliable estimates are generally not too difficult to obtain 
The frequendes of A“ and genes have been determined for a large number 
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of populations Nearly every racial group has been examined It is not our 
mtention to give here a complete list of such frequencies We shall present 
only the frequencies of three populations m table 1 for illustrative purposes 
(For extensive tables see 148, 11, 135 ) 

When gene frequencies ivith respect to a particular character have been deter- 
mmed for a given population it becomes of mterest to attempt to account for 
them Presumably m the evolutionary history of man one member of each set 
of his alleles -was the parental gene and gave nse by mutation to the other 
allele (or others) As regards the A“ and A” alleles there is httle evidence as to 
which came first Agglutmogens serologically similar to M and N have been 
found m the chimpanzee (73, 148, 23) Hence it seems probable that the origin 
of both the A“ and the A“ gene antedate man’s ongm Agglutmogens similar 
to hi, but none similar to N, have been reported for orang-utans, gibbons and 
old world monkeys (22, 144) This su^ests that the gene A“ may be the older 
and the parent of A", but the evidence is not conclusive 


TABLE 1 


POPTJIATIOK 

nfVEfinoATot 

iWUB^ 

TtSTSD 

FCSCZltTAGZ 
TMQUEHCY 
or PHENOTTPES 

PCTCENTACE 
nCQUUd 
or CEKES 




M 

MN 

N 

A® 

A” 

U S whites, N y Oity 

Landsteiner and 

1 Levine 

632 

26 1 

1 

53 6 

1 

20 8 

52 9 

47 1 

U S negroes, N Y City 

Landsteiner and 
Levine 

181 

! 27 6 

1 

47 6 1 

24 9 

61 36 

48 65 

American Indians from 
Lawrence, Kansas 

Landsteiner and 
Levine 

124 

68 1 

36 3 

6 6 

76 26| 

23 76 


Even though we accept the suggestion that one of the M-N alleles has arisen 
by mutation from the other we have not accounted for the fact that A“ and A“ 
genes are neaHy equally common m most human populations, nor have we 
accounted for the shghtly different frequencies between different populations 
It must be obvious that if a smgle mutant gene appears m a large population it 
wiU immediately have only a very low frequency How then can it mcrease in 
proportion? There are three major ways in which this can happen These are 
a, recurrent mutation, b, accidents of samphng, and c, selection There is no 
evidence that recurrent mutations have occurred or are occumng withm the 
M-N allehc set but this process could be gomg on at a fairly high rate without 
detection, because unexpected vanations withm M-N blood types are not easily 
recognized (Recurrent mutations m other human allehc sets have been re- 
ported (52, 53) ) Of courte, if only one of the alleles mutated to the other the 
first would eventually become extmct The present day observed A“ and A“ 
frequencies could represent either an mtermediate stage m a one way mutation 
system or an eqmhbnum or an approach toward an equihbnum m a system 
im olving mutations in both directions (For a detailed discussion on theoretical 
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consequences of mutations and mutation rates in evoiutionarj systems see 167 
168, 169, 38, 61 ) 

If a population is small, accidents not related to survival value may nccumu 
late and shift gene frequencies considerably (see 167, 169, 100, 162) Theoreti 
cally the shift should of course occur in both directions but conditions might bo 
altered so that a change m one direction persisted. It is true that most present 
dav intrabreedmg human populations are largo, bnt it is not improbable that the 
primate population whioli diverged m the direction of man was small and there 
fore provided on opportunity for an accidental increase m one or the other of 
the M-N alleles The observed differencea in A" and 4* gene frequenaca 
between different present day human populations could possibly be eiplamed 
entirely m terms of accidental shifts 

Selection obviouslj may change gene frequencies m a population. There is 
however, no evidence that a differential survival value exists for M N alleles 
In fact, there is no evidence that the ag^utmogens M and N serve any function 
whatsoever m the human system Of course the possibility that the A” and 
A* genes produce other effects which have a differential survival value must 
be allowed. (For a detailed discussion on the consequences of different sclec 
tion pressures see 167, 168 169, 61, 38, ICO, 162 ) 

Smee isoagglutinins for the M N agglutmogens arc normally not developed 
within human mdinduala no consideration need bo given to M N blood types in 
blood transfusions A knowledge of the genetics of M N blood types is, how 
over, of considerable value in legal cases involvmg disputed parentage Tests 
can not prov o that a given mdividual is the parent of a gi\ cn child but thej may 
prove that a given individual is not the parent A further value of a knowledge 
of the genetics of M N blood types m populations is to be found m its application 
to the diagnosis of twins and m problems relatmg to racial mtorrelationshlps 

The A B blood gronpe The A B blood groups were discovered in 1901 by 
Landstemer (69) As pomted out by him there are involved in these blood dif 
ferenccs two isoagglutinogens A and B which are located m the red blood cells 
and two corrospondmg isoaggluUnins a and b to be found in the blood plasma 
A given mdivadual may possess both only one, or none of the isoagglutinogens 
If he has developed a given isoagglutmogen he lacks the cotrespondmg isoagglu 
timn On the other hand if he lacks a given isoagglutmogen ho possesses the 
comapondmg isoagglutmin 

The four A B blood groups are proporij referred to as the Ab A, B and 0 
groups For some tunc these groups wore designated bj Roman numerals 
but it BO happened that two different sots of numbers were giv en them (the Moss 
and Jansky classification) This situation led to much confusion To clear 
up the dilemma the Health Committee of the League of Nations recommended 
for adoption the letter termmology ongjnally suggested bj von Dungem and 
Hiraifeld and mentioned abovm This is known ns the International Nomen 
claturo and is now the only system used in sdentific publications 

As IS well known the four major A B blood groups have been shown to have a 
hereditarv basis. Epstem and Ottenberg (37) were the first to find evidence of 
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this In 1910 von Dungem and Hhrszfeld (33) concluded that two pairs of alleles 
were involved in their mhentance This two factor hypothesis, as it is called, 
vTBS generally considered a correct genetic explanation until 1924 It gave 
expectations which agreed fairly closely with the observed data In 1924-25 
Bemstem (4, 5) pointed out that three autosomal alleles m a population (that is 
three genes occupying a given locus on one of the autosomes) could also give 
four phenotSTies corresponding to the four A-B groups Bemstem exaimned 
the results of many matmgs and found that they conformed closely with results 
expected on the basis of his tnple allelomorph hypothesis In 1931 Strandskov 
(129) tested the two proposed hypotheses by the Chi Square method and found 
that the then available extensive blood group data agreed much more closely 
with the results expected on the basis of Bernstein’s hypothesis than with 
results expected on the basis of the previously suggested two factor one Many 
other studies (see 127, 11, 148) have supported Bemstem Consequently his 
theory is now universally accepted with modifications as pointed out below 


TABLE 2 


BLOOD 

GSOUP 

ISOACOUmKOGEHS 

ISOAOCLDTD4WS 

oemottfes 

AB 

A 

B 




A 

A 

— 

— 

b 


B 

— 

B 

a 

— 


0 

— 

— 

a 

b 

11 


Bemstem ne\ er assigned appropnate gene symbols to the three alleles which 
he considered to be mvolved In his 1931 paper Strandskov suggested I®, and 
1 (The letter I was chosen as an abbreviation of the term isoagglutmogen ) 
In table 2 are shovm the relationships of the isoagglutmogens and isoagglutimns 
withm the four A-B blood groups, also shown are the genotypes accordmg to 
Bemstem’s tnple allelomorph hypothesis ' 

Although it is still correct to speak of four major A-B blood groups there is now 
conclusive evidence that at least one of the groups must be subdivided mto two 
or more subgroups As early as 1910 von Dungem and Hirszfeld (33) found 
that when serum from certam group B mdividuals is mixed with certam group A 
bloods, until it loses the power to agglutmate the red cells of these A bloods, it 
still possesses the abihty to agglutmate the red cells of other A bloods This 
suggested to them that there exist two kmds of A isoagglutmogens and two 
lands of anti-A isoagglutmms That this is true has been substantiated by many 
later mvestigations In 1930 Landstemer and Levme (77) designated the two 
A isoagglutmogens as Aj and Aj Accordmgly group A is now subdivided into 
subgroup Ai and As and group AB mto AiB and AjB 
Although two anti-A isoagglutmms apparently exist m both B and O bloods 
it has been found that they do not bear an exact one to one relationship with 
the Ai and Aj isoagglutmogens as might be expected It is true that one of the 
two existmg isoagglutmms reacts mamly with Ai bloods It has therefore been 
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termed ai The other, however, does not ag^utinate only Aa blood but reacts 
about equally ^velI Ai It has therefore been termed the common anti A 
isoagglutmm and has been designated as a wthout a subscript. (A more appro- 
pnate symbol would seem to be ai_a ) 

A third subgroup of A has been reported mdependcntlj bj Jlscher and Hahn 
(39) and by Fnedenreich (42, 41) but it apparently is relatively rare and difficult 
to detect. Subgroups of B have also been reported (91) but they also remain 
to be generally known 

With the discovery of the A^ and Aj subgroups the question arose os to whether 
they also had a genetic basis In 1027 Landstemer and Levine presented evi 
dcncc that they do In 1930 Thomsen, Fnedenreich and "Uorsaae (137, 138) 
pomted out that their inheritance could be erplamed by assuming a fourth 
allele m the senes suggested ongmally by Bemstem That such a fourth allele 
exists has now been fully established (148, 11) Hence we now recogmze alleles 
jAi^ lAt^ jB j Additional alleles have been suggested for the other suh- 


TABLE 3 


UOQO oKOur 

Ot mWOTTIH 

muocuruwiun 

tsoAocurriMot* 

OmOTTTV 

A.B 

A, B 



lAip 

A,B 

At B 

— ai — • 

pip 

At 

At — 

b 

I*’I" I"!*- I**l 

A| 

Ai — 

b 

I«I*' I"i 

B 

— B 

n at •— t 

IM* 1*1 

0 

none 1 

a at b 

I “ 


ItoACfflutialii ai is only rarely found in A|B blooda 
t Both a and ai are present In alt B and O bloods but tbelr titer* vary oonaiderably 


groups which have been observed but smee they do not appear to be dcarh 
established as yet, we may omit a discussion of them here 

The relationships of the isoagglutmogcns and isoagglutinins withm the four 
major groups and their subgroups are shown in table 3 also shown are the 
genotypes of each group 

The relationships of the venous genotypes to tJie six defimtely established 
blood groups deserve some discussion It ma> be seen that botli the Ai and 
B isoagglutinogens are formed in the red blood cells of the hoteroxygote 1**1® 
This must mean that neiUior of these two alleles is dominant o\ er the other and 
also that they catalyze distinctly different chemical reactions within the same 
cells. The same relationships hold for the I** and I® alleles As wo pomted 
out in connection with the genes reeponsiblo for the production of the M Is 
agglutinogens it is rather imusual for two alleles to produce two distinctly dif 
ferent characteristics m the hctcrozygote. The I** and I® alleles, as might 
be expected, produce only their respective isoagglutmc^fcns when present m the 
homozygous condition Accordmg to Thomsen, Friedcnrclch and Worsaae 
(137, 138) the I** allele is completely dominant o\*er the I** allele bo that only 
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isoagglutmogen Aj is produced m the heterozygote The gene appar- 

ently IS also completely dominant over i This last statement has physiological 
meaning because the gene i has been shown to produce an isoagglutmogen when 
homozygous At least an isoagglutimn (anti 0) has been found m some Ai 
and AiB bloods which agglutmates all group 0 bloods (76, 136) The and 
I® alleles are probably not completel}’^ dommant over i because some Aj and 
some B bloods give ahght reactions with anti-0 sera These presumably are 
those of the heterozygotes I^’i and I®i (136) 

Little or no mfonnation is available relative to the question of whether a 
smgle dose of each of the and I® genes produces as much isoag^utmogen 

as do two of them m the homozygous condition 

A-B alleles apparently are functional withm nearly all cells of the body At 
least A-B group specific substances have been found m most body tissues (71, 
148, 11) An exception is the fetal part of the placenta (114, 101) Their 
absence m that organ may be an evolutionary adaptation which prevented reac- 
tions between fetus and mother Schiff and Weiler (121) have postulated an 
enzyme m the placenta which destroys the A-B substances which they assume 
to be produced there A-B substances have also been found m most body flmds 
and gland secretions (82, 111, 148, 118) They are abundantly present in 
sahva and gastnc juice 

An mterestmg vanation has been found mth respect to the presence or absence 
of A and B group specific substances m the sahva and other secretions In some 
individuals these substances may be present m high concentrations (secretors), 
whereas m others (non-secretors) they are abseat or nearly absent (82, 111, 148, 
118) Schiff and Sasaki (119, 120) were able to demonstrate that these -varia- 
tions have a hereditary basis and that they are dependent upon vanations at a 
smgle autosomal locus The allele for the abibty to secrete (S) is dommant over 
that for non-secretion (s) The secretor alleles are mhented mdependently of 
those for the production of A-B isoagglutmogens 

So far we have not considered the causes of the production of the specific 
isoagglutimns which are present m the various A-B blood groups There appear 
to be several possible but unsubstantiated explanations for their existence One 
IS that the same alleles which are responsible for the formation of the isoagglu- 
tmogens are also responsible for the isoagglutmins (44) This is a rather attrac- 
tive hjTothesis because of the consistency between the A-B genotypes and the 
isoagglutimn formed Difficulties, however, arise when one attempts to con- 
sider the physiological relationships mvolved What reason would there be 
for a given gene to produce a particular antigen and also a set of antibodies for 
antigens pr^uced by other genes belongmg to its allehc senes? That a given 
gene -will not produce an antibody for the particular antigen it develops is 
logical but why should it be responsible for the development of antibodies for 
other antigens withm the same species? A second possible explanation (117) is 
that the A-B alleles are responsible only for the A-B isoagglutmogens but that 
these m turn mitiate the formation of the isoagglutmms It is possible to 
imagme that one allele produces small quantities of one isoag^utmogen, whereas 
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another produces large quantities of it. Furthermore one can imagine that when 
small quantities of an isoagglutinogen are formed the eorreaponding antibodies 
destroy them, whereas when large quantities of an isoagglutinogen are formed 
the correspondmg antibodies arc absorbed. Although this hypothesis has cer 
lain attractivo features it does not fit in well mth Bemstem's triple allelomorph 
hypothesis. It will bo recalled that accordmg to this hypothesis mdividuals 
bclongmg to blood group 0 me homozygous li and should therefore produce only 
one kmd of antigen These individuals, however, develop three kinds of anb 
bodies, namely, the common anti A ag^ubmn, anti-A>, and anti B A third 
possible hypothesis is that the A B alleles are responsible only for the formation 
of A-B isoagglutmogens and that the corresponding isoogglutimns are formed 
as a result of other genetic factors This hypothesis assumes that all the A B 
isoagglubnins are formed in all human individools but that in the presence of a 
particular antigen the correspondmg antibody is absorbed Bernstein has 
favored thm hypothesis and to the author also it seems the most probable A 
possible variant is that each gene which is responsible for the formation of a 
particular antigon inhibits at the seme time the formation of the correspondmg 
antibody An allele which produced such an inhibition effect would have been 
strongly selected for in the course of evolution. 

If we accept the assumption of this last mentioned hypothesis, namely, that 
the A B isoaggjutimns ore produced normally, i e , due to other genetic factors, 
w e must account for the existence of such genetic factors. One possible cxplana 
tion is that the A B isoagglutmogens ore similar to other antigens which arc 
commonly found m lower forms which parasitized man’s ancestore. There is 
some evidence that A B group speciQo substances are aunilar to such commonly 
found antigens For example, it has been shown that agglutmogen A resembles 
the Forsman antigen which is foimd in many bactena ns well as m many other 
parasitio forms (70, 27, 35 IIG, 43) 

Human populations hav e also been studied mth respect to the distnbution of 
the A B alleles The formulae for the determination of the A B gone frequencies 
from observed phenotypio frequencies are somenhat more compheated than 
those for the M N alleles, but thc> are not difficult to apply If wo assume 
random mating m a population (and there is every reason- to believe that we may) 
these formulae for the frequencies of the four alleles are obtained from the square 
of the frequency arm) of the four alleles (I** + I*’ 1°, -f i) or the square of 

(Pi + P» + q 4- r) Bj tokmg into account the genotypic and phenotypic 
relationships, the frequencies of tho four alleles m nnj population, based on the 
empincallj determined A B phenotypic frequencies are as follows 

Pi “ V^Ai 4* At + O — ■\/At -f- O 
Pi “ VAi 4- O — Vo 
q “ VB 4-0 - Vo 
r ~ Vo or I — (pi 4- Pi 4- q) 

Smee tho fourth allele of tho A-B senes has been recognized only a rdativelj 
short time not mnnj population studies have included it, but the frequencies 
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With respect to the three onginally recognized alleles have been determined for 
many populations (11, 127) A few sample frequencies including all four alleles 
are given in table 4 

As suggested by table 4 the A-B gene frequencies vary considerably among 
different human populations All four alleles are, houever, represented m all 
or at least m nearly all populations This suggests that all four alleles were 
present in the ongmal human stock This point of \uew is supported by the 
fact that agglutmogens serologically similar to the human A-B antigens have 
been found among Anthropoid apes and lower pnraate groups (34, 78, 3, 6) 
There is httle or no evidence as to which of the four alleles appeai'ed first m the 
course of evolution and there is little or no evidence on the basis of which to 
account for the present day A-B gene frequencies Mutations withm the A-B 
allehc senes have not been reported but again this is not surpnsmg m view of 
the fact that such mutations are extremely difficult to detect Selection may 
ha% e played a r61e m decreasing or increasing a given gene's frequency v ithin a 
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POPULATION 

INVEST! CATOa 

NUM- 

BER 

mCENTAOE TEJtQUENCY 

OF OBOUPS 

PEaCENTAOE FtlQDZNCY 
OP OCNEl 


AiB 

A>B 

Ai 

Aj 

B 

o 


!*• 

I” 

i 

U S whites 

Wiener and Bonn 


62 

1 4 

29 0 
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6 5 

H 

64 6 

U S negroes 

Wiener 
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paiticular population, but actually there is no conclusive evidence that any of 
the A-B alleles have a greater or a lesser suriuval value than any of the others 
Accidents of samphng could account for some of the frequency differences be- 
tween populations, particularly differences between small populations such are 
found among some of the North American Indian tribes 
In contrast to the M-N blood types the A-B blood gioups must be considered 
m blood transfusions Some consider group AB individuals umversal recipients 
and group 0 mdl^^dual8 umversal donors It is, how^ever, advisable to use, 
except in emergencies, only donors of the same blood group as the host In addi- 
tion to their importance m blood transfusions A-B blood group determinations 
are exceedmgly valuable m the solution of cases of disputed parentage How- 
ever, as was true for the M-N blood types no mdi\ idual on the basis of A-B deter- 
minations can be proven to be the parent of a given child He may only be 
shown not to be the parent A-B blood group deteiininations have also wade 
apphcation m the diagnosis of twins and in problems relatmg to racial ongins 
SicMe ceU aneima Sickle cell anemia was first reported by Hernck (61) m 
1910 The patient was a negro youth from the West Indies Smce this first 
i-cportmany similar cases have been found The diagnostic feature is the pres- 
ence of crescentic oi sickle shaped red blood cells These may not be common 
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in the blood smear but msceptible cells can bo induced to sickle bj sealing them 
under a cover sbp ^ith petrolatum and incubating them at room temperature 
for twenty four hours (70) or by a number of other techniques (65, 60, 132, 2, 32) 

In 1923 Huck (05) and Taliaferro and Huck (134) presented evidence that 
sioUo cell anemia is a familial disease and that it is inhcnted as an autosomal 
dominant According to this hypothesis all affected individuals possess at least 
one dominant gene (Si) and all normal individuals are homoij^ous recess^^e 
(si ai) Although only a limited number of studies have been earned out to test 
this mode of mbentance, the combined genetic evidence obtained emco then 
(49, 90, 99, 116) seems to substantiate it 

As we mentioned above, the most sinking physiological effect of the Si gene 
18 the production of a condibon withm red blood cella which makes them sus- 
ceptible to sicklmg What this condition 18 no one has discovered os yet There 
peems no question but what the effect remdes within the red blood cells because 
Huck (66) and Sydenstneker (132) have shown that the red cells of sickle cell 
patients sickle when washed with scrum from normal persons, whereas the senim 
from the former does not cause cells of the latter to sickle Emmol (30) has 
suggested that the sicUing may be only an accentuation of the normal process 
which causes red blood cells to assume the biconcave disk shape. 

According to Sydenstricker (132) and Emmel (36) mckled cells are immediately 
subject to phagocytosis. Largo mononuclear cells occur m the blood of sickle 
coll patients which phagocj^ose siokled ceDs but will not attack the red cells of 
nonnal blood Wollstem and Kreedel (141) report that the Kupfer cells are 
active in the remov al of mckled cdls. Cordoio (17) has tested for the presence 
of specific agglutmogcns but lias foiled to find such substances. Hahn and 
Gillespie (49) have reported that susceptible cells con be induced to mckle m an 
atmosphere of carbon dioxide and caused to revert to normal shape v\h£n satu 
rated with oxygen However, Hem McCalla and Thome (60) and Graham 
and McCarty (46) did not find incrcosed sicklmg upon placing susceptible cells 
in closed chambers. 

The Si gene apparently produces its effect carlj m the development of red 
blood cells Cooley and Leo (19) have reported sickled cells that were nucleated 
and Jaffc (67) and others have observed reticulated cells 

Whether all the rod cells of all sickle cell patients are subject to aokUng is not 
certain Variations occur m the number which respond Anderson and Ware 
(1) gcnemliic bj saying "Ninety per cent of the supply of new cells ore sickle 
cells ’ This, howev er, does not necessarily mean that the rest ore not sus 
ceptiblc 

Other conditions which have been reported to be associated with sicklmg maj 
bo sccondarj effects of the Si gene rather than primary ones. Anderson and 
Ware (1) outline secondary effects as Wlov^ 

When they (the re<l cells of tioUo coll patlente) aro pat into circalation aU except about 
2% of the sickle cells are destroyed by phagocytosis This bnnga about a greater activity 
of the bono marrow in the production of new celta aa is indicated by the increase In retini 
loonies The spleen and liver enlargo to take care of the influx of young cells and a vicious 
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cycle IS established As fast as the red cells form they become sickle cells and are plmgoty 
tosed The bone marrow cannot continue its hyperactivity indefinitely, and as the disease 
progresses, fewer new cells are put into circulation The stimulus that caused the spleen 
to enlarge is thus removed and it decreases in size The liver, however, remains enlarged, 
possibly because its various other functions make it less responsive to the failure of the 
haematopoietic system 

Some mvestagatxirs (96, 139, 13, 29, 47, 59) have reported bone changes, 
particularly m the skull and long bones Cardozo (17), however, found no such 
changes m 17 patients which he studied specifically foi such effects With 
respect to other associated conditions Anderson and IVare (1) ivnte 

The patient usually gives a history of having been weak and sickly for a number of years 
and of having previous attacks of weakness, laundice, fever and abdominal or articular 
pain There is usually a history of repeated acute infection of the respiratory tract The 
course of such infection is usually longer than that in normal persons 

Recently Wertham, IVIitchell and Angnst (143) have reported changes in the 
central nervous system They find “focal and diffuse changes m the nerve 
cells m cortical and sub-cortical gray structui-es, and focal areas of demyehnation 
m the spinal cord ” 

Ror a long tune it was thought that sickle cell anemia was limited to the 
negroid stock However, in 1929 Cooley and Lee (20) reported a case m a 
Greek child which could not reasonably be attributed to race admixture Smee 
then a number of other instances of sicklmg have been found m non-negroid 
populations (126, 115, 18, 108, 140, 46, 96, 99) Most of these cases are from 
descendants of Southern European peoples Ogden (99) exammed 1,602 
unselected, consecutive patients which mcluded 692 negroes and 910 whites 
Among the negroes he found 45 who showed the sickhng trait, whereas among 
the 910 whites he found none Ogden wntes m 1943 as follows 

I bebeve I have a right to my strong conviction that the sickling trait is a condition 
found in the negro race only and that xn all cases in which members of white families have 
such a trait an admixture of negro blood in the immediate or remote ancestry has taken 
place In no case of the sickhng trait in a white person reported up to the present 

time has the possibility of negro blood been excluded 

One must admit the possibihty of Ogden’s contention, but it does seem unlikely 
that all cases reported among Caucasoids are to be explained m terms of race 
admixture 

Estimates of the mcidence of sickle cell anemia among negroes range from 
4 3 per cent (133) to 9 42 per cent (17) Ogden (99) obtained a frequency of 6 6 
per cent among 692 unselected negroes Cardozo (17) combined all published 
data and amved at a frequency of 7 44 per cent This percentage is based on 
an exammation by different mvestigators of 11,021 mdixuduals 

A difference m sex mcidence has been reported which may bo sigmficant 
Cardozo (17) finds that 69 1 per cent of those showing sickhng are females 
Ogden (99) m his senes foxmd 37 females to 8 males K this sex difference is a 
real one there has yet been no explanation advanced to account for it An 
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autosomal dominant charaotcnstic should occur with equal frequenej unong 
females and males 

It IS of mtcrest to estimate the madcnco of the Si and M genes in populations 
If a trait due to an autosomal dominant gene such as Si has a frequency of 7 44 
per eent in a population m which mating la occurring at random the recessive 
character (in this case the normal condition) obviously has an mcidenco of 
02 6G per cent The beat estimate of an autosomal recessive gene in a population 
mating at random is obtained by extracting the square root of the madenco of 
the recessii e character m the population Therefom, it may be estimated that 
the si gene m negroid populations has a frequency equal to square root of 02.66 
or 06.2 per cent It follows, of course, if only two alleles exist that the dominant 
gene has an mcidcncc of 3 8 per cent What the frequency of the Si gene is in 
Caucasmd and Mongolmd populations can not be determmed untd more data 
are available Perhaps as Ogden insistB it does not occur at all in theso groups 
except as the result of race admixture 

As must be obvious from the symptoms associated with sickle cell anemia 
selection agnmst the Si gone must bo fairly strong Anderson and Ware (1) 
write “Owmg to his decreased reststance ho (the patient) is a prey to the various 
infectious diseases and usually succumbs to one of these. Few patients live 
beyond tho age of 36 years ’ If selection operates as strongly as this statement 
suggests it becomes a problem to account for tho Bi gene’s high mcidence among 
negroes One possible explanation is that the si gene mutates to the Si gene 
at a high rate within this group There is, however, no duect evidence that such 
mutations ore tnkmg place, but it seems almost inevitable that they must be. 
The lower incidence of the Si geno among Mongoloids and Causasoids could bo 
accounted for either in terms of a lower mutation rate within theso groups or m 
terms of a higher selection pressure 

A knowiedgo of the genetics of sickle cell anemia has only a hmited application 
to forensic modiomc but such knowledge docs contribute to our prediction of the 
oocurrenco of sickle cell anomm in a family and therefore to our chances of dis 
oovenng cases m their incipient stages Studies on tho frequency of the 8i and 
81 alleles m difforeut populations can contnbuto to the solution of problems 
rdatmg to racial mtorrelationships. 

nemophiUa Tho earhest unmistakable case of hemophilui was reported in 
tho sixteenth century by Albucasis However, a clear and concise description 
was 6rst given in 1803 bj Dr John C Otto of Philadelphia (102) He was 
also tho first to point out that hemophilui has a hereditarj basis, a suggestion 
which has been fuUj substantiated Otto did not suggest anj spocifio Mendchan 
mode of mliontanco This is not surpnsmg in view of the fact that his publica- 
tion antedated Mendel’s onginal discovery by more than sixty years Otto 
did nov ertheless, present the new that only mates show tho condition and that 
they mhent it through unaffected females 

When scxdmked inheritance was discovered in the fruit fly , Drosophila mclano- 
gaster, about 1010 it became apparent that hemophilia in man was probably 
inherited as a sex hnked recessiv e (07) This implies that the hemophilic gene 
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(h) and its normal allele (H) have their common locus on the X chromosome, 
and that a smgle hemophilic gene (h) ^vlll produce the condition in the male, 
whereas m the female two are necessary for its expression Nearly all the pub- 
lished pedigrees support this mode of inhentance Haldane (65) has presented 
evidence of linkage between the locus of the hemophilic gene and that for red- 
green color bhndness which is known to be sex-hnked This is confirmatorj’^ 
evidence for sex-lmkage After Haldane (62) had published evidence that some 
other genes of man are partially sex-linked, i e , earned on the legion of the 
X-chromosome where crossmg over occurs mth the Y-chromosome, Sirks (126) 
suggested that the hemophihc gene might also belong in this category How- 
ever, as Haldane (58) has already pomted out, Sirk’s arguments are not veiy 
convmcmg A few pedigrees, particularl5’^ those of Bess Lloyd (88), suggest 
that the hemophilic gene, although sex-hnked, may not always be completely 
recessive She reports four females who were heterozygous and gave evidence 
of bemg bleeders She states “they generally are not as severely affected as the 
males ” Warde (142) also reports a female as hemophilic who probably was 
only heterozygous Her father and only son were hemophihcs but her mother 
had no hemophihc ancestry Fouhs and Crawford (40) reported two female 
bleeders m a hemophihc pedigree Their fathers w'ere normal but one of the 
females had two hemophihc sons which is evidence that she at least was hetero- 
zygous, 1 e , a earner Foulis and Crawford admit that their two cases might 
represent purpura hemonhagica rather than tnie hemophiba, but there at least 
IS a suggestion that the effect was due to the hemophihc gene Although the few 
pedigrees we have mentioned suggest incomplete recessiveness on the part of 
the hemophihc gene most heterozygous females show no effect Hence it still 
seems justifiable to conclude that the common form of hemophilia is not onlj’’ 
sex-lmked but completely recessive The heterozygous females which show a 
condition similar to hemophilia may possess a vanant of the common allele or 
present a chmeal picture similar to hemophilia due to other factors 

If the gene for hemophilia (h) and its normal allele (H) are sex-hnked the 
expected genotypic results of the six possible matmgs are as follovs 

1 9 HH X cf H(jO = ^ ? HH W H(y) 

2 9 Hh X cf H(y) = 19 HH 1 9 Hh } cT H(y) 1 cf h(j) 

3 9 hh X c? H(y) = 1 9 Hh 1 cT h(y) 

4 9HH\d’h(y)=l9Hhlcr H(y) 

5 9 Hh \ cf h(y) =19 Hh 1 9 hh 1 cf H(y) 1 cf h(j’) 

6 9 hh X cf h(y) = 1 9 hh 1 cf h(y) 

The expected results are calculated ns shoivn below Mating no 5 is used 
as an illustration 

Matmg 9 Hh \ cf h(y) 
eggs expected = § H 1 h 
sperm expected = 1 h 1 (y) 

Genotypic ratio — — — 

expected =19 Hh 1 9 hh 1 cf H(y) 1 cf h(y) 

One of the problems relative to hemophilia that has puzzled many people is 
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the queetiOn of why ao few females are hemophihcs (if any are), when so many 
males are afliicted "Why this sex difference m mcidence? At least a partial 
answer to this question is to be found in the manner m which hemophilia is 
inhented If a character is mhented as a sex linked recessive, and is relatively 
rare m a population which is mating at random, it should theoretically be ex 
peoted to be much more common among males than females Let us assume 
for instance that a pair of sex-lmked alleles, B and b, have frequencies in a popu 
lation of 90 per cent and 10 per cent, respectiv ely Smce only a smgle gene is 
necessary to express the character m a male these should show the gene frequency 
directly, i e., 90 per cent of the males should show the dominant sex linked char 
aoter due to (B) and 10 per cent should show the recessive due to b On the 
other hand in the female tivo recessive genes (bb) must come together to show 
the recessive character Hence the frequency of a sex linked recessiv e character 
expected among females is only the square of the recessive gene frequency or in 
the nbov e case 1 per cent (The probability of tw o mdependent ev ents occurring 
m combination is the product of their mdependent chances ) The expected 
difference m sex incidence can be made a little more striking by resort to another 
example If for instance a sex linked recesave character has ai\ madenco of 
1 m 100,000 among males we should theoretically expect only 1 female among 
10,000,000,000 to show it The mcidence of hemophilia nmong males is not os 
low as 1 in 100 000 but it is low enough to give a decidedly large expected sex 
difference What the exact mcidence of hemophilia is m most human popula- 
tions has not been determined with any degree of accuracy Haldane (66) has 
estimated for the population of London an uoldence of about 1 m 10,000 among 
males If we accept this figure for every population we should expect onlj 1 
female among every 100 000,000 to be homoiygous hh and therefore hemophilic 

Other factors make the occurrence of hemophilia among females even more im 
probable In order to produce a homozygous female (hh) it is necessary that her 
father be a hemophilic and her mother homozygous (hh) or a earner (Hh) In 
the latter typo of mating a homozygous female (hh) has onl> a probabilit} of 60 
per cent. Now it is well known that hemophilic males tend to die early Esti 
mates have Indicated that 64 per cent of hemophilic males die before the fifth 
year and that 88 per cent die before the twentieth Snj’der (128) states that 
only 1 1 per cent of hemophilic males live to be 22 Thus there is a strong chance 
that hemophilic males will not many because of death Furthermore of those 
who live relatively few many Snyder (128) exammed 260 of the published 
pedigrees on hemophilia and found only one instance where a known hemophilic 
male had mamod a knowm earner female and v\ hero a hemophilic daughter might 
thoroforo bo expected This \^a8 pedigree no 407 in the collection published in 
1911 by Bullock and Fildcs (10) This mating produced one hemophilic son 
and one normal daughter Thus from this mating a homozygous funale (hh) 
was probabl> not oven realized 

Some authors have postulated that the hemophilic gene produces a lethal effect 
corij m life wlien it is present in a double doee m the female Others such as 
Birdi (9) Irnvo suggested tliat tlio homozygous female Odi) pumvTis but faiU to 
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show the hemopluhc condition due to alleviating effects produced by female 
hormones Although these supplementaiy hypotheses may be correct and may 
explam m part the complete or nearly complete absence of hemophilia among 
females they do not seem to be necessary The probabihty of a homozygous 
(hh) female m a given population is practically ml 

PhysiologicaUj the hemopluhc gene (h) produces mterestmg and senous effects 
The hterature on this subject is generally known and has been frequently sum- 
manzed It therefore seems imnecessarj’^ to review it heie (See 122, 64, 3, 8, 
93, 106, 104, 94, 63, 90, 26, 124, 123, 62, 14, 24, 28, 48, 89, 106, 112 ) 

Hemophilia probably occurs m all mcial stocks Its mcidence among 
Caucasoids, as pomted out above, is not accurately determmed for any given 
population, but estimates have been made for a few of them Haldane (56) 
beheves that among male births m London the mcidence of hemophiha hes some- 
where between 35 and 175 per milhon Bullock and Fildes (16) thmk that 
hemophiha is a good deal more common m Northern than m Southern Europe 
They do not give specific data Komai (68) is of the opimon that the same type 
of hemophiha which appears in the Caucasoid stock occurs m the Mongoloid 
He presents a number of pedigmes which agree with a sex-linked recessive mode 
of mhentance He does not give an estimate of its frequency among Mongoloids 
Among Negroids hemophiha is practically unknown Bullock and Fildes (16) 
found three cases reported among negroes, but they did not consider any of them 
rehable In 1936 Crandall (21) leported hemophiha m a full blooded negro and 
he mdicated at that time that he believed his patient to be the only authentic 
case among negroes The genealogy accoidmg to Crandall did not, however, 
give endence of mhentance In 1937 Pachman (103) reported three cases of 
hemophiha among negroes which had been seen at Duke Hospital Accordmg 
to Pachman “Two of them have a defimte family history and a genealogy which 
IS fairly typical In the third case, the diagnosis may be questioned but the 
history and x-ray findmgs arc typical of hemophiha ” He wntes further “the 
akin and features of cases 1 and 3 were those of a full blooded negro, but in case 2 
the color was hghter mdicatmg that a mixture may have occuned ” 

An mterestmg problem from a genetic pomt of new' is the question of how the 
frequency of the hemopluhc gene is mamtamed at as high a lei el as it is m the 
face of the selection pressure which it encounters As mentioned eaihei most 
hemophihc males fail to marry and consequently to leave offsprmg Under these 
conditions alone the (h) gene should gradually be i educed in frequency or elimi- 
nated completely To account for w'hat appeai-s to be a neaily constant fre- 
quency for this gene Haldane (52, 65) has suggested that mutations from Htoh 
are takmg place He estimates that one mutation occurs per 50,000 mdividuals 
per generation Enough sporadic cases of hemophiha ha%e been reported to 
give credence to this hypothesis No good axplanation is available to account 
for racial differences m mcidence 

A knowledge of the mode of mhentance of hemophiha is only of Inmted \ alue 
m forensic medicme, but it is of importance to a practismg physician m his de- 
termination of the probabihty' of its occurrence m a given family To the human 
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genetjoiat hemoplulia is an extremely interesting chnraotenstic It offers un 
usual opporUinitres for an analjsis of certain aspects of all the various factors 
which operate in the evolution of man 

The hiood factor In 1040 Landstemer and Wiener (79) discovered a new 
blood agglutmogen It was called Eh because it was revealed as the result of 
usin g scrum from rabbits into which rhesus monkey blood had been mtroduced 
An mtercstmg discovery with respect to it was that onlj about 86 per cent of the 
human white population gave positive reactions (Rh+) to the anti Rh serum 
while the remammg 14 per cent gave negative reactions (Rh— ) The followmg 
year the same two mvestigntors (81) tested for the rOle of heredity They ex 
aimned 60 fa mili es which mcluded 237 children Thej concluded that the vana 
tlons have a hereditary basis and that only a single pair of autosomal alleles is 
involved Thej found that an mdividual is Rh+ if he possesses at least one 
do minan t gene (Rh) and Rh— when homosygous recessive (rh rh) In a later 
paper Wiener and Sonn (146) extended this genetic study to mclude 40 addi 
tional famihes with 138 children Their results substantiated the preadously 
suggested genetic hypothesis 

In the last year or two evidence has been obtained (146, 160 84, 83) which 
suggests that at least 6 different Rh agglutinogens exist Accordmg to Wiener 
(147) these may occur m different combinations in different individuals and give 
8 Rh blood types (inoludmg the Rh negative type) The different Eh agglutmo- 
gons give difforent presence and absence frequencies within the same populations 
In 1043 Wiener and Landstemer (160) presented evidence that some of these new 
Rh subdivisions have a hereditary basis, and that at least three alleles are in 
volved instead of two as was originally suggested More recently Wiener (147) 
has postulated 0 alleles Although Wiener has presented some evidence for the 
existence of 6 alleles it seems too early to consider all of them fully established 

Although Rh alleles seemmgly produce direct effects only mthm red blood 
cells, there is considerable evidence to suggest that they may be responsible 
for rather serious secondary effects. In 1939 Levme and Stetson (87) reported 
a fatal hemolytic reaction m a woman who had been giv en blood transfusion 
following a stillbirth The transfused blood, accordmg to the usual tests, was 
compatible w’ith the blood of the host. Yet a reacbon occurred. The authors 
postulated that the fetus hod mhented from its father the capacity to develop 
certain antigens which were not present m the mother and which induced the 
formation of antibodies in her tissues Further cases of transfusion rcacbons 
which could be attributed to iso-immunizaiion following pregnancy were reported 
m 1940 by Levine and Katrin (86) Thesamo year Wiener and Peters (161) pointed 
out that every recorded case of severe hemolytic reactions followmg first trans 
fusions had occurred in poet partum patients In 1041, following the discovorv 
of the Rh factor and its mhcntance, Lovmo et al (86) expressed the bchef that 
several cases of miscamagcs, stiDbirths and of erythroblastosis fetalis which 
thej had encountered were probablj attributable to the Rh factor They postu 
lated that these effects might result when the mother was Rh— and the fetus 
was Rh+, due to its heredity from the paternal side. They postulated thatRh 
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antigens of the fetus had entered the maternal blood stream, caused the foima- 
tion of antibodies m her tissues and that these m turn had filtered through the 
placenta and reacted -with the ilh+ antigen m the fetus It is of interest that 
Ottenberg (100) and Darrow (25) had previously suggested a serological explana- 
tion for erythroblastosis but had not been able to demonstrate any incompati- 
bihty between the blood of the fetus and that of the mothei (For a clmical 
description and diagnosis of erythroblastosis fetalis see (31, 30, 7, 109, 107, 
92, 15) ) 

That most if not all cases of erythroblastosis fetahs may be attributed to Rh 
blood factors seems probable Potter, Davidsohn and Crunden (110) found that 
among 60 mothers who had given birth to babies which had been dieignosedas 
eiythroblastotic 90 per cent were Rh negative The infants which had been 
diagnosed as eiythroblastotic and bom to Rh-f- mothers, these mvestigators 
beheve, might actually be suffermg from “a different disease entity ” Another 
possible explanation is that each of these mothers was negative with respect to 
an Rh agglutmogen other than the one tested for, whereas the fetus was positive 
with respect to it 

Although erythroblastosis may result when the mother is Rh— and the fetus 
IB Rh-p it does not follow that it mvanably does The fact is that the disease 
occurs m only a small percentage of cases where this relationship exists What 
the placental pecuhanty is which results m the occurrence or absence of erythro- 
blastosis 18 not known It is known that if the disease has occurred once m a 
family it is apt to recur This may mean that some hereditary basis exists for 
this placental pecuhanty 

Recently Witebsky and Heide (165, 156) have reported the occurrence of Rh 
antibodies m the breast milk of mothers who are Rh — and whose children are 
Rh-k and eiythroblastotic These mvestigators beheve that such antibodies 
might do further damage to the red blood cells of eiythroblastotic children who 
consume such milk 

From the population genetics pomt of view the Rh factor gives promise of 
bemg extremely mterestmg As we have already mdicated the different Rh 
agglutmogens have different frequencies ivithm the white population This 
means that the vanous alleles which are responsible foi them also have different 
frequencies withm that group In 1942 Landsteiner, Wiener and Matson (81) 
reported on the blood of 120 full blooded Amencan Indians and 155 of mixed 
ancestry Among the 120 full blooded Indians they found only a smgle mdi- 
xudual who was Rh— Among the 155 mixed bloods they found an incidence 
mtermediate between that for full blooded Indians and whites More re- 
cently Wiener, Sonn and Belkm (163) have tested Chm&se and N^ro popu- 
lations They found the Chmese like the Amencan Indians to have a very Ion 
Rh— frequency Type Rh, which is a subdivision of the ongmal Rh-f gicup, 
and which is rare m the white population, they found to have a low mcidence 
among Chmese but to be very common among negroes 

With the number of Rh alleles unsettled it is too early to discuss in detail the 
possible r61es of the vanous evolutionary' factors in the determmation of Rh 
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gene frcquenciea m populations It is, however, of mtereat to call attention to 
the manner in -which selection operates As Haldane (68) has pomted out, selec 
tion IS against the hetorosygote Therefore an Rh and on rh gene is eliminated 
e\ery time selection operates If positive and negative produemg Rh alleles 
were equally common in the population neither of the two types of alleles would 
bo changed m frequency The negative nllolo, however, is less common, there- 
fore there is a tendency for it to be decreased in proportion to the positive alleles. 
The rate at which it is bemg decreased is, however, a very slow one Haldane 
(68) has estimated that it would require 619 generations or about 16,000 years 
to reduce the frequencj of homozj'gous recessive individuals (rh rh) from its 
present figure, which is about 14 per cent, down to 1 per cent This is based on 
the assumption that no mutations to the rh allele are occurrmg There is no 
evidence that there are For the rh allele to be eliminated completely, without 
mtervention by man, many more generations would be reqmred 

The question w frequently asked if it would not be desirable to advocate laws 
to prevent rh rh females from marrying Rh-}- males Although such a law would 
probably eliminate the occurrence of eiythroblastosis fetalis there is no justifica 
tloQ for such an extreme measure. The incidence of erythroblastosiB from such 
nmmages is not high enough to warmnt it A more reasonable position is 
taken by Haldane (68) He writes ‘'Even if no systematic attempt were made 
to eradicate such a gene there would be a strong case for dissuading rh rh women 
knoDTi to be BO constituted as to be destined to form permeable placentae from 
marrving Rh Rh or Rh rh men ’ This suggestion seems defensible 

Since iso-unmunisation to Rh agglutinogens is possible Rh blood types should 
bo considered in blood transfusions, especially if repented transfusions are to 
be giien 
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Our present knowledge of smooth muscle is nearly as vague as it was when this 
subject was last reviewed m this journal Although 18 years of mtensive re- 
search have passed in the meantime, the mtroductory remarks of Evans (81) 
about the reasons for this look of precise knowledge could be repeated Uterally 
today The mam change In our general undeistandmg of “smooth muscle” is 
the deepened recogmtion that the conception of “smooth muscle” as a biological 
umty is completely misleading This is true from various pomts of view We 
can regard “striated muscle” of \ertebrBte8 as a umty since with negligible ox 
ceptions, histological, physiological and pharmacological differences are small, not 
only between the different anatomical muscles of the same animal but also be- 
tween muscles from representatives of all five classes of vertebrates. For smooth 
muscles important differences exist, not only between the various smooth muscle 
tissues of one animal, but also between anatomically and functionally comparable 
smooth muscles even of related specaea Striated muscles are more or less all 
organs with the same functions and consist practically of muscle tissue alone 
Therefore, they can be easfly subdivided into umts, motor units, or even single 
stnated fibers, all of which have to a certam extent the some physiological proper 
ties as the whole anatomical muscle. As a rule, smooth muscles are only ele- 
ments partiapatiug with various other tissues in fonnmg organs of quite different 
functions such as stomach, artery, spleen, uterus, ins, etc If we isolate the 
muscle dements, either imperfectly m eoqienmcnts or perfectly in thou^t, they 
do not exhibit the functions of the whole oi^an, but only those connected with 
contractility Such isolated smooth musde dements from vanous organs are 
not imifonn as to exdtabibty, mediation, inhibition, and conductivity The 
contractflity they have in common, but they share this with striated muscle and 
even with other vertebrate tissue dements, such as chromatophores, ciliary 
epithelium, etc. Thus vortebrote smooth muscle must be defined as Cdls 
specialired for contraction only with thenr protoplasmatic constituents homog 
encous in the longitudinal direction 

In vertebrates, only m exceptional in fttjtnnftjj do these smooth musde cells unite, 
without important participation of other tissues, to form eomething like an 
anatoimcal musde e.g , the pilomotors in mammals, tho retractor penis in some 
species But m mvortebrates, tho formation of anatomical musdes from smooth 
muscle cdls is rather common, and since a large part of tho experimental work on 
smooth musde has been done on mvertebrato matcnal, the above outhnod differ 
cnco between vertebrate smooth and stnated muscles has often been neglected. 

Due to the fact that wc have a relativdy well established visualisation of the 
physiological properties of stnated musde, it baa become customary to express 
tho function of smooth musdes in terms derived from tho function of stnated 
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muscles, although often these terms might have httle meamng for smooth 
muscles But such terms, if used discnminately, help to shorten descnption 
and discussion. In a review it is impossible to discuss the properties of the 
smooth muscle elements separately for each organ and to pomt out each time the 
differences between various species An attempt will be made to show that, on 
the one hand, smooth muscle tissues of vanous origins have m common certain 
properties directly connected with contractihty while, on the other hand, there 
exist important organ and species differences of those properties cormected with 
excitation and conduction 

Does there exist an intermediate muscle type? Only durmg embryological 
development and m tissue cultures do difficulties arise m classifying muscle cells 
as smooth or striated In those exceptional instances m which stnated muscle 
fibers participate with other tissues m fonmng organs, they have the phy^ologi- 
cal and the pharmacological properties of true skeletal muscle fibers, i e , the 
stnated fibers of mammahan esophagi (88, 134), or the stnated fibers of the ins 
of Sauropsidae (33, 132, 164) The latter example is of special mterest, smce 
these stnated fibers are of ectodermal ongm (146), and the dilator at least is 
smooth m some species of birds (93) A similar vanabihty m the composition of 
the esophagus musculature is found not only from class to class of the vertebrates 
(178), but also from species to species m mammals (216) and even between related 
sub-speaes (239) But never the least histological or physiological evidence was 
found for the existence of an mtermediate t 3 T)e of muscle cells In the palatal 
membrane of many fishes (37, 163), and m some species (i e , tench) throughout 
the whole gut (95, 169) stnated muscle fibers are found scattered more or less 
numerously through the smooth muscle coats Physiologically and pharmaco- 
logically, the stnated behave like true skeletal muscle, and the smooth ones like 
gut musde m general 

Structure Despite the diversity of opmion about the nature of the surface 
of the smooth muscle cells (membrane or only border sheets of hardened sarco- 
plasm), the histologists agree (107) that a typical membrane comparable to the 
sarcolemma of the stnated muscle does not exist and that ih many organs con- 
taimng smooth muscles, the fibrils run from cell to cell and also form a loose 
fibnllax net by anastomoses with neighbonng cells, thus givmg nse to a S 3 m- 
cytium-like formation Roskm (203) pomts out that m most smooth muscle 
tissues the smooth muscle cell does not represent a umt and that on the other 
hand the network of fibrils has not all of the characteristics of a ^cytium He 
proposes the name “myon” for a smgle strand of smooth fibrils which can form 
“myons of higher order” by protoplasmatic anastomoses There is no doubt 
that the more superficial fibrils (boundary fibrds) m a cell are coarser than the 
more central ones There is a large variation m the number and thickness of the 
fibrils from one smooth muscle oigan to another 

For smooth muscles from the cat mtestme two different histological states of 
contraction have been described (203) In one, the fibrils are straight, while m 
the other state the fibrils are curled regularly like corkscrews However, m ex- 
penments with the retractor penis and mtestinal loops of dogs, it could be 
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demonstrated that curled fibnls are never seen if the muscles have been fixed 
histologically after slow contraction against a heavy load. But corkscrew fibnls 
are found m the inner part of muscles if they shortened quickly before or at 
fixation (88) These spiral fibrils apparently belong to relaxed myons and are 
crumpled together by the contraction of adjacent myons 

The Bubmicroscopical structure of vertebrate smooth muscles (retractor penis, 
gut) as invcstigatod by birefnngence measurements revealed marked conformity 
with that of the A disc of the striated muscle (88) Besides a micellar pattern, 
there exists a aystaHine structure of the micellae themselves As in striated 
muscle, the submicroscopical pattern is disarranged during isotomc contraction, 
but httie change occurs during isomotno contraction The small differences ob- 
served mdicate that the molecular configuration of the Uvo myosins is not identi 
cal but only sunilar, as Is mdicated also by the sunilar but not identical flow 
birefringence and solubility properties for myosms extracted from smooth and 
striated vertebrate muscles (160) 

Efterent innervation The inajonty, if not all, of the organs contaimng 
smooth muscle elements receive efferent nerve fibers from both divisions of the 
autonomic nervous system However, this is not vahd eiidenc© for assuming 
that all myons are under direct influence of both ortho^ympathetic and para 
sympathetic impulses This can only be proved experimentally, but venous in- 
vestigators have often reported controversial results and conclusions for the 
same organ of identical speaea As the most stnkmg example the dilator iridis 
may be mentioned, the existence of which is doubted by Langworthy and Ortega 
(1S8) The dilator action still present after elimination of any ^hincter action 
they explam plaumbly by the diminished blood flow through the ins brought 
about by ortenal constnction caused by the stimulation of the orthosympathetic 
nerve fibers entering the Ins, 

For most of the organs, the mam difficulty m determining the exact innervation 
t of the muscular elements is due to the well known fact that, as a rule, at least the 
pre-post gan^onio synapses for the parasympathetic division are situated In close 
pnxnmity to the muscle elements. Furthermore, only for a limited number of 
peripheral ganglia, m which these sjTiapscs are located, has their purely para 
sympathetic nature been established beyond doubt, Auerbach’s plexus of the 
the largest and probably also biologically the most important penpheral 
gnnghon, is claimed by most textbooks as purely parasympathetic. However, 
investigators who olftm o that only paraayTOpathetic synapses are present in this 
plexus have to admit that orthosympathetic fibers nm through the aggregation 
of nerve cells In thaar opinion these fibers do not participate in synapse forma- 
tion (e,g , 126) Btflhr (223) takes the stand that histologicallj the nature of the 
myenteno plexi cannot be claimed with certainty, while Patrelt (176) states 
definitely t^t both autonomic divisions participate m the formation of synapses, 
but that the majority of the entering fibers are parasympathetic, 

^Vhen nerve fibeis, either originating from nerve cells of the gangha or having 
passed without interruption throughout the latter, approach the muscle colls, a 
claaaification as orthosjmpathctic or parasympathetic ones is practically Impos- 
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Bible, Since both are now non-myelmated fibers of extremely small diameter 
Ti^ (228, 229) w as pi obably the first who reahzed that in a number of organs the 
finest nerve fibers form a true network envelopmg the smooth muscle cells and 
finally entenng them He emphaazed the physiological importance of this fact 
Such a teimmal network has been now well confirmed for the urinary bladder 
(207, 222), ureter (207), intestinal tract (31, 223, 224, 226), bronchi (119), ar- 
rector spmorum of hedgehog (32), ins and cihans muscle (33, 35), uterus (208), 
and blood vessels (32, 34, 223) Stohr (226) claims that orthosympathetic and 
parasympathetic nerves umte m the “tenmnal reticulum” and Boeke (36) also 
assumes sympathetic and parasympathetic participation m the “termmal syn- 
cytium ” They use a different termmology for this terminal nerve network, 
since Boeke regards the mterstitial cells of Cajal as an integral part of the net- 
work But smce he does not assume any ganghon cell-hke activity of the mter- 
stitial cells, this difference m opimon is of no interest for the physiologist After 
section of the macroscopical nerves, the nerve reticulum shows only minor de- 
generative changes The absence of full d^eneration might be due to the pres- 
ence of the mterstitial cells Section of the nerves of only one autonomic division 
stdl produces less degeneration Further confirmations of the existence of such a 
terminal nerve reticulum w'ere reported by Lawrentjew (144), Reiser (186), 
Leeuwe (143), and Steffanelh (219), while Clark (66) and Nomdez (170, 171) deny 
its existence and find the nerves endmg on the surface of the muscle cells and not 
entenng them Accordmg to Nomdez the so-called tenmnal reticulum is m 
reahty a network of argyrophil mmute connective tissue fibers, also found m liver, 
thyroid and other glands However, this network m glands has been mter- 
preted by Boeke and others as a tenmnal nerve reticulum Why these fine con- 
nective tissue fibers and not the coarser ones should be aigyrophil has not yet 
been explamed by the opponents of the nerve reticulum view, on the other hand 
it IS well known that all neurofibnls are argyrophil It is understandable that 
the acceptance of the existence of a true nerve reticulum is difficult for an ad- 
herent of the classical anti-contmuity neurone theory That vertebrate axons 
can fuse to form a nerve net has been demonstrated m tissue cultures (e g , 14, 
16) 

This mtensive controversy between the histologists has brought out a further 
fact important for physiological discussion Contrary to the old behef that nerve 
endmgs exist only on a small mmonty of the mdividual smooth muscle cells, all 
recent mvestigators agree that as a rule nerve endmgs are found at least for a 
majonty of the muscle cells 

Such a reticulum formation by the efferent fibers explains why m no type of 
physiological experiment has a true systematization of smooth muscle organs m 
“motor umts” been found The pilomotors react more or less as a smgle umt 
after nerve stimulation and the all-or-none rule is demonstrable to a eertam ex- 
tent (191) This can be explamed, despite the nerve net which probably con- 
ducts with a decrement as m mvertebrates, by the mmute spatial dimensions of 
one smgle pilomotor and by the probable, but unproved, fact that the nerve net 
of each pilomotor receives only one postganghomc efferent nerve fiber It is re- 
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grettable that no physiologist has used for expenmental purposes the much 
larger arrectores spmorum of the hedgehog The mcbtatmg membrane, which 
in oertam physiological respects behaves similarly to the pilomotors, is not di 
videdmto motor umts, and theall-or none rule does not applj to it (64, 191, 193, 
201) Klopp (131) found m experiments with partial denervation of the mem 
brans that localized fmotaons of the muscles become hypersensitive to epmeph 
nne. Tins localized mfluence, for which no sharp demarcation has been demon 
itrated, does not mean Uecessanlj an orgnmiation m umts, smee m a nerve not 
condnetmg with a decrement, efferent fibers connectmg with the net will have a 
more marked influence upon the function of the not around the pomt of connec 
bon than upon the more distant parts This might explam, too why sUmulation 
with rmcroelectrodes of the mmute nerves leadmg to small arteries of frogs exerts 
a spatially hrmted effect (90) For the dilator ins of the cat, experiments witli 
sbmulabon of all or only a part of the efferent nerve fibers revealed the absence 
of true motor umts and no evidence even of any spatial preferences (149) 
Aptebent innervation How far the tonnmal nerve net is able to cany 
afferent or anbdromic impulses for axon reflexes is a quesbon which can be 
answered at present only by conjectures For all organa contaming smooth 
muscles, there exist true afferent myelinated fibers, which ha\ e their nerve cells in 
the dorsal root gan^ “Spray like” or “spindle like” sensory endmgs are 
found scattered between the myons of the unnaiy bladder (122, 137), of the 
sphfaioter indis (138) and of the stomach (139) and are probably present in other 
smooth muscles too Acbon currents of the afferent norve fibers in response to 
stretch of the muscles have been demonstrated for the unnaiy bladder of the frog 
(221) and for the cat bladder and urethra (82) 

Ganquon cell-tree smooth muscle preparations Unfortunately for the 
physiologioal analysis of smooth muscle acbvity, the synapses m the efferent 
nerve pathways are not all aggregated m the anatomical ganglia, so that a van 
able number of true ganghomc synapses are found scattered between the myons 
Thus m any analysis of the motor acbvity of smooth muscle organs, one has not 
only to ask how for is the observed property a funebon only of the myons proper 
or of the terminal nerve rebculum, but one has to consider also the ganglion cdlls 
Absolutely free of nerve cells are the pflomotors (32, 68), the ins muscles (33, 36), 
the retractor penis (243, 244) and probably the mctibibng membrane (195) 
There is no doubt that m many species, large parte of the uterus do not contam 
nerve cells (72, 104, 187, 208) Cajal’a mtcrsbtial cells foimd abundantly in the 
uterus and gut are no longer regarded as prinubve ganghon cells by most histolo- 
gists, although a few still maintain the old view (146) Tlie rausculans of artenes 
is free from nerve c^Ug smec the latter are all found m tho advontiba (144, 223) 

In tho muscle layers of tho got, a few true ganghon ccHs arc scattered between tho 
myons But their number is so small that tho preparation of ganghon free stnps 
is possible lor phiidological expenmonts, although a later histological examination 
IS mdisponsablo (98, 236, 237) Such stnps show nearly as much automatism as 
strips contaming Auerbach s plexus and their reaction to acetylcholine and 
epmephnne is not altered qualitatively, but onlj quantitabvely Whether this 
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small dimmution m actavity is due to the absence of ganghon cells or due to un- 
avoidable damage dunng the cumbereome isolation of the stnps, is not yet known 

Smooth muscle completely devoid of any nervous tissue is found m the ammon 
of the chick embryo (83) and m tissue cultures of embiyohic gut (204, 227) 
Both these muscles contract under the influence of acetylcholme (prevented by 
atropme at least for the amnion muscle) and are inhibited by epmephnne 
Euler (80) demonstrated m perfusion expenments on the nerve-free vessels of the 
human placenta that epmephnne always produces constnction, while acetyl- 
chohne influence vanes from ml to dilatation or even contraction 

All this evidence mdicates that the two chemical mediators can act on the muscle 
substrate directly, and that neither terminal nerve reticulum nor nerve cells are 
essential for these reactions However, the task of analyzmg, for these two medi- 
ators, their exact sites of action and their relative importance for smooth muscle 
organs not devoid of nerve cells, is almost impossible The sbmulatmg action of 
acetylcholme upon all ganghon cells is well known (56, 64), and that epmephnne 
can affect the acetylcholme mechanism has been demonstrated recently (62, 220, 
230) About the effect of these two drugs upon the terminal nerve reticulum 
httle IS known The well known increase m acetylcholme or epmephnne sensi- 
tavity after degeneration of the nerves tells us nothmg with certamty about the 
site of the mcreased sensibihty, smce the terminal nerve net undergo^ only 
mmor degeneration 

That, even m the absence of nerve cells, the mechanism of the mediator action 
can be a very comphcated one has been shown for the pilomotors Intra- 
cutaneous acetylcholme rejections around these adrenergic muscles produce 
contraction, such a contraction is still produced after section of the orthosympa- 
thetic nerves. However, the acetylcholme contraction cannot be ehcited after 
the nerves are degenerated Coon and Kothman (68) explam these findings by 
assummg axon reflexes, the receptor end possessmg several properties of auto- 
nomic gangha 

Acettlchoune and epinephrine antagonism The smooth muscle effectors 
have often been classified accordmg to then excitatoiy mediator mto adrenergic 
and chohnergic ones (56, 192) The apparent antagonistic effect of parasympa- 
thetic and orthosympathetic nerve stimulation for certam organs has been ex- 
plamed by the presence of two antagonistically arranged muscle sets, one cho- 
hnergit, the other adrenergic For the purposes of this paper a discussion of the 
differences between sympathm E and gympathm I and of then chemical nature 
(64, 97, 103, 192) is irrelevant, and, therefore, the explosion “epmephnne” is 
used to designate any adrenergic mediator Besides the existence of two types of 
smooth muscles activated by two different mediators, it has been demonstrated 
that certam smooth muscles are not only excited by one of the mediators but also 
distmctly inhibited by the other The best known examples are the gut muscles, 
for which a reciprocal quantitative antagonism between the excitation by acetyl- 
cholme and the inhibition by epmephnne was revealed by Bernheim (28) A 
smular relation between the effects of the excitatory adrenergic nerve endmgs and 
the inhibitory chohnergic ones was found for the retractor perns (173) A large 
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number of the systemic artenes are contracted adrcnergicaHy and relaxed 
cholmergically (i e , 166) -while on the coronaiy artenes G e , 101) and on the 
thoracic duct (2) the tw o mediator actions are just reversed On the pulmonaiy 
artenes, the two mediators act differently but not as true antagonists (79, 91) 
The sphincter indis, at least in some species is under such an antagonistic control 
of the two mediators (21, 105, 120, 180) For other contractile vertebrate cells, 
the chromatophores of fishes, the antagonistic mfiuenc© of mediators or neuro- 
hormones is -u-ell established (99, 176) 

The question of whether those muscles -with a well established antagonistic m 
nervation receive ner\ e fibers from both divisions of the autonomic nervous sys- 
tem G e , retractor penis, 173) or only from one divimon (i e 01, 63 163, 166) is of 
minor mterest from a theoretical pomt of view but of practical importance m the 
analyBis of the results of stimulation of a single anatomical nerve 

A further compbcation in the analysis of the innervation of smooth muscles is 
the fact that m some organs some of the myons are adrenergic and others cho- 
linergic In the excitation of contraction although no true mechamcal antagonism 
exists between the differently innervated myons The external layer of the 
pigeon esophagus is adrenergic and the internal lajTjr cholinergio (111) The 
stomach muscles of at least some species are partly adrenergic and partly cho- 
linergic (57, 169) In the mctitatmg membrane the majonty of the muscle cells 
sre adrenergic, but a minority choUnergic (4, 10) 

Seabonal, hormonal and YTTAinN INFLUENCES The complexifc> of the inner 
vabon mechanism of smooth muscles, which makes any vahd general explanation 
of excitation and conduction phenomena impossible, is mcreased by tbo fact that, 
even for a given muscle, the mediator EwinaiUvity is fluctuating The seasonal 
mfluonce is probably most marked for the smooth muscles of the frog lung (09, 
242) The hormonal influence on the activity of the uterus IS best known The 
effect of the various sex hormones is different from species to species, but can 
produce m some species on apparent reversal of the effect of nerve stimulation 
(30, 68, 187) The motor activity of the vcsicula Berainahs and of the ductus 
deferens 15 also affected by sex hormones (167, 168 236) Urinary bladder (136 
137, 240) and ureter (120, 231, 232) m the females are affected m a comparable 
raonner but less so Even on the gall bladder (217) and the intest inal tract (84, 
206), the Influence of the sex hormones is demonstrable The relation between 
thyroid acti\Tty and sensitivity Of the adrenergic mechanism has met with some 
attention G e., 8, 121, 142 ) Several of tho ntamins con also alter the effective 
innervation and acUvitj of smooth muscles Thiamine enhances certain 
cholmcrgic mechanisms (1, 53) mcotmic acid influences sbghtly utormo and m 
fcstinal activit} (147), and ascorbic aad under certain conditions increases 
adrenergic as well as cholmcrgic activatj (100, 133) 

Action op drugs A discussion of the various drugs affecting smooth muscles 
w bej ond the scope of this paper, and a number of fairlj recent reviews of this 
subject are available (60, 123, 188, 192) However, a few drug acUons must be 
discussed here on account of tbcir implications for the phj'siology of smooth 
rnusdes In general Histamine, m more or less physiological doses, contracts 
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nearly all smooth muscles, the adrenergic and the cholmeigic ones This has 
been demonstrated for the mtestme (25, 26, 27, 28), bronchi (85), nictitatmg 
membrane (190), gall bladder (62, 124, 127), uterus (233, 240), ins (108), veins 
(90, 156), coronary artenes (13), and lung artenes (85, 172) Systemic artenes 
are contracted too m perfusion experiments with histamme m salme, but the 
presence of a few red cells and of small amounts of epmephrme changes the con- 
traction effect to dilatation, as shown by Dale and Richards m their classical m- 
vestigation (71) A similar protective mechanism may be the reason why hista- 
mme contraction has not yet been demonstrated for those smooth muscles not 
mentioned above (le pilomotors) Nearly all mvestigators agree that the 
histamme effect is still present after paralysis with atropme or ergotoxm This 
can be accepted as evidence that histamme acts neither on the theoretical “re- 
ceptors for acetylchohne” nor on the “receptors for epmephrme,” but on some 
link closer to the contractile mechanism It is of mterest m this connection that 
Ambache and Barsoum (7) reported a release of histamme for gut and bladder of 
gumea pigs and rabbits from muscles contracted by acetylchohne, KCl, or pi- 
tmtaiy extracts This histamme hberation is absent after correspondmg treat- 
ment of muscles paralyzed by atropme More observations of this type, if pos- 
sible also on adrenergic muscles, are needed before far-reachmg conclusions can 
be drawn 

Although not enough data ore available to make a general statement, there are 
mdications that angiotonm contracts not only smooth muscles of artenes, but 
more or less all smooth muscles, and that it acts also on a link closer to the con- 
tractile mechanism than the receptors for the mediators Angiotonm action on 
the systemic artenes is not prevented, as epmephrme action is, by F 933 or ethyl 
yohimbme (6, 247) Ergotoxme, howevei, prevents epmephrme and angiotonm 
action (241) Strong angiotonm contractions have been demonstrated on the 
gut (67, 112, 174), uterus, bladder and mctitatmg membrane (6, 152) Distmct, 
but not qmte such strong angiotonm effects were observed for ureter, gall bladder, 
ductus deferens and bronchi muscles by Luduefia (152) 

The weU known paralyzing effect of atropme upon cholmergic myons has one 
feature which must be discussed here For some muscles, atropme prevents only 
the effect of externally or mtravenously apphed acetylchohne but diminishes 
very httle or not at all the effect of parasympathetic nerve stimulation (70, 122, 
123, 169) The current explanation that atropme prevents diffusion of acetyl- 
cholme through cell membranes but does not prevent mtracellularly hberated 
acetylchohne from reaching the receptors, assumes that m those muscles m which 
atropme blocks nerve impulses, nerve endmgs exist only on the surface of the 
muscle cells, while m those muscles m which no nerve block occurs, all nerve end- 
mgs are mtracellular For those muscles with partial nerve block produced by 
atropme, it is believed that some of the nerve endmgs are mtracellular and some 
extracellular Correspondmg observations and conclusions have been made for 
the effect of ergotoxme upon excitatoiy adrenergic muscles, where also apparently 
diffusion of epmephrme mto the cells is pievented, but not mediation from an 
mtracellular nerve endmg (i e , 64, 129, 190, 192) The explanation that only a 
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limited number of muscle cells Is innervated at all and that normally the impulse 
IS transmitted from the directly innervated colls by diffusion to die non inner 
vated cells can hardly be maintained m view of the present histological evidence 
mentioned before Unfortunately, the question of histological and physiological 
innervation of a smooth muscle organ has never been mvestjgatcd by a corabmed 
team of histologist and physiologist, both well acquomted with the methodologi 
cal difficulties of the problem 

Some doubt about the value of atropme and ergotoxme as tools for oxplormg 
the excitatory cholmergic or adrenergic nature of smooth muscle innervation has 
been ex pressed by Mellanby and Pratt (161, 162), who behove that at least some 
of the paralyiing effect is not due to a specific blockmg but to a general “im 
mobihty” of the muscle substance proper caused by these drugs Also some ex 
perience makes it doubtful that the only effect of ergotovane is a blockmg of cx 
citatory adrenergic mediation G e » 4, 169, 161, 205) 

Sl^CSmXATION OP DENERVATED SMOOTH MUSCLE TO ITS MEDIATOR After Sec- 
tion of the postgangUomo nerves, smootli muscles do not degenerate but show ol 
ways an enormously moreased sensitivity for their excitatory and their inhibitory 
mediators (70, 110, 160, 210) After r^enemtion of the nerves, the mediator 
sensitivity declines again to nonnal values Section of the pregangliomc nerves 
produces much less senmtixation (212) or no sensitixation at all (248) according to 
which muscle is used m the experiments Increased permeabflity of the muscle 
cell membranes is generally accepted as the mechanism of this sensitisation for 
the speofio mediator (64) This also explains why simultaneously the sensi 
tivity IS mcrcased for drugs which act on hnks, which are closer to the contractile 
mechanism than ore the receptors for tho mediatora (e g histarame, 190) 

Eixctrigal BXcrrABrLiTY One of tho outstanding features of the post- 
ganghonic-denervated nictitating membrane is the apparent absence of electrical 
excitablUty (34, 75, 107) , this excitabihty can be restored, to a certam extent, by 
treatmg with the drug F 933 Unfortunately only few smooth muscles allow 
complete postgangUomc denervation The rectractor penis, probably very suit- 
able for this type of experiment, has apparently not been used Pilomotors are 
completely unexcitable eleotncally after denervation (196) Chrome denorva 
tion is at the moment the only experimental condition in which the electneal 
stnnulua might act on the muscle cells alone, if the shght degeneration of the 
nervo reticulum excludes stimulation of it. The mtinmte relation between 
tcnninal nerve reticiilum and muscle cells axcludes the use of micro-electrodes, 
and the blocking by atropine or ergotoxme docs not affect mtracellular nerve end- 
ings. The nervo-free muscle cells of the chick amnion are electrically excitable, 
but rather strong currents ore apparently needed (179) 

Chronaxib. Nearly all chronaxin measurements have been mode on organs or 
on strips of organs containing smooth muscles besides vanous nervous tissues 
Therefore it is more or less guess woit if one attributes the measured ebronaxie 
either to the muscle cells proper or to the nervous elements The chronaxie 
vahiea reported arc all rather long, at least 15 times as long as for skeletal muscles 
of the same species (37, 43, 81, 188) and much longer than the chronaxie values 



476 


EHNST nSCHBR 


for the slo^^ est vertebrate nen e fiber yet measured However, the diameter of 
the nerve fibers fonnmg the terminal reticulum is also much smaller than that of 
the smallest nerv'e fiber subjected up to now to direct chronaxie measurement 
The strength-capacity cun'^es deterramed for the mctitatmg membrane (213) 
revealed typical breaks into an a and a y segment Agam, it is more or less arbi- 
trary whether one ascnbes the higher a excitabihty to nerves and the y excita- 
bihty to the muscles proper, or whether one assumes that the higher excitability 
is that of the somewhat larger nerves leadmg to the nerve net, and the lower ex- 
citabihty is that of the finest fibers formmg the terminal reticulum No break 
m strength-duration curves w’as observed for the ureter of rabbits and for the 
uterus of rabbits, guinea pigs, and cats by Bozler (43) He regards the stnps of 
these organs as true muscle syncytia like the heart, smce they follow^ the aU-or- 
none rule and smce conduction is not much disturbed by zigzag cuts However, 
all these observed pioperties can be ascnbed as well to the termmal nerve 
reticulum (228, 229) 

For some smooth muscles, the chronaxie vanes with the season (94) In some 
species the uterus is not electncaUy excitable m anestrus but excitable m estrus, 
and it can be demonstrated that chronaxie shortens with mcreased influence of 
estrogens (43, 130) It would be of value if, on the same muscles, the changes 
brought about by seasonal and hormonal influences in chronaxie and m mediator 
sensitivity could be studied simultaneously 

Electncal stimulation with variation m frequency and slope of the current 
shocks has not yet been reported as stimulatmg selectively either the excitatory 
or the inhibitory mechanism of isolated vertebrate smooth muscles responding 
antagonistically to the two mediators However, on smgle nen'es leadmg to 
such structures selective indirect stimulation of the excitatory and the mhibitoiy 
mechanism has been possible (156, 209, 238) Accordmg to Lapicque (140), all 
autonomic nerves are “itei ative,” w'hich means that only a summation of amving 
volleys can ehcit the reaction of the effectors At least for the excitatoiy nerves 
of the mctitatmg membrane, of bladder and of pilomotors, it could be demon- 
strated that a smgle nerve volley can produce contraction (55, 76, 199) The 
same has been found for the excitatory vagal fibers leadmg to esophagus and 
stomach of the cat (154) For no inhibitoiy nerve of vertebrate smooth muscle 
has such a smgle-volley effective yet been demonstrated, but the mhibitory vagal 
heart mechamsm is not “iterative” (86, 100) 

Conthaction time Aim e-xtent pebiod One of the few general physiological 
characteristics of veiiebrate smooth muscles is the slowness of contraction 
Smooth muscle contractions ehcited by smgle mduect or direct stimulation last at 
least 15 times as long as a twitch of a,ny striated muscle of the same species (20, 
135, 154, 213) The ratio between contraction tune proper and relaxation tune is 
always lower than m stnated muscles Thus relaxation is as a rule a veiy slow 
process, a fact which must be kept m rrand for any discussion of the tonus prob- 
lem For those smooth muscles with mhibitoiy innervataon or inhibitory medi- 
ator mechamsm, relaxation can be speeded up and might become qmcker than 
the contraction phase (41, 42) 
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Due to tJbe mtunato anatomical rdabon beitveen nen oua tissue and muscle 
cells and due to the slowness of the mechamcal process, any determination of the 
mechamcal latent period for smooth muscle organs has limited value only This 
latent penod, which lasts at least 0 16 sec but often reaches much longer values 
(136, 154, 199), vanes not only from organ to organ and species to species, but 
also for different parts of the same organ (1 e , mtestme, 0) If the postgangh 
onic nerves of the mobtating membrane are stimulated by single shocks, the 
latent penod dechnes from 0 4 to 0 16 sec. with moreasing strength of the stimuli 
(70) 

Refiiactort raruoD In experiments with mechanical rooording the re- 
fractory penod can be determined only as the minimal interval between two sue 
ceseive stimulations still prrxlucing summation For the stomach of the cat, 
MeSwmey and Robmson (154) report a refractory penod of 0^ sea, whfle for 
the mctitating membrane. Brown (66) reports a refractory penod of 2 msec , 
which was more or less confirraed by Rosenblueth and Acheson (194), while ac 
cording to Eccles rmd Magiadery (76), as judged by electrical evidence, some de 
lay m summation occurs for mtervals shorter than 66 msec. This large differ 
ence between refmctoiy penod of the stomach and that of the motltatmg mem 
brane might find an explanation m the observation of Dmrath (234) that two 
different refraotoiy penods can be demonstrated on the frog rectum The 
“autogenous” refractorj penod, that is, that of the muscle cells themselves, is 
very short, less than 10 msec , and is lengthened after two exatations and by 
fatigue or narcosis The “mduced” refractory penod, which is forced upon the 
colon by Auerbach’s plexus, acting ns “pacamafcer”, lasts about 20 sec. and 
IS shortened after two excitations and by fatigue or narcosis It must be pomted 
out, however, that ganglion-frec muscle organs also can have rather long ro- 
fraotory penods (e.g , ureter, uterus, 43) Has the mduced refractory penod 
been measured in those muscles, and la the terminal nerve reticulum (or the 
mterstitial cells) responsible for the induced refractory penod? Smee m such 
muscles pacemaker functions have been demonstrated (60), a positive answer to 
these two questions might bo permissible. 

CormuoTiON Monnier (100) demonstrated for isolated artenes that con 
tractihty and conduction are, at least for these muscle organs, not identical 
processes smee conduction con occur without contraction of ports of the artery 
through which conduction has taken place In the retractor penis, local elcctri 
cal stimulation produces only more or less localucd contraction (243) On the 
same muscle, mechamcal stimulation applied strictlj locally without stretch of 
othermuscleparts, also produces only local contraction (88) On the other hand, 
there is no doubt that some smooth muscle organs not containmg gangha show 
conduction JFor oviduct, ureter and uterus (in estrus) conduction rates between 
2 to 00 mm/seo have been found (43, 49, 110, 108) It is possible, too, that in 
some organa under certam conditions, e g , uterus, excitation by nerve stimula 
tion IS localised and non-conducted as is chemical stimulation, while direct 
electncal stimulation chats a conducted process corresponding to that occurrmg 
durmg spontaneous movements (193) 
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Action potentials Not only because of the diversity m anatonucal arrange- 
ment and m function of the various smooth muscle organs, but also because of 
certain metiiodical difficulties m recordmg electncal potentials and tiieir changes, 
the fin di n gs and the mterpretataons of various mvestigators are rather contro- 
versial The majonly of the mvestigations published before 1935 were made 
without amplification, with stnng galvanometers, the stnngs were very loose to 
secure the needed high sensitivity With such a method, potential dianges of 
slow frequencies can be recorded more or less correctly, but not those of relatively 
high frequencies The use of amplifiers m connection with various recording m- 
struments pemute the recordmg of high frequency changes of mmute potentials, 
but does not allow the accurate recording of slow potential changes Further- 
more, many mvestigators using amplifier techmc, did not record simultaneously 
the potential changes and meiflianogram Thus, any time relation claimed be- 
tween potential changes and contraction becomes more or less arbitrary 

As mentioned above, one of the relatively simply organized smooth muscle 
organs is the pilomotors However, even their potential changes, occurrmg after 
smgle shock stimulation of their nerves, are rather comphcated and vary a good 
deal (135, 198, 200, 201, 202) Of the seven different potential waves observed, 
only the four mam ones will be mentioned here The first two are rapid potential 
changes m qmck succession Potential 11 shghtly precedes or is simultaneous 
with the onset of contraction Potential IV is a slow wave which follows closely 
the course of contraction, but is not an artefact due to contact changes on the 
electrodes or due to changes m shape of the tissue between the electrodes Po- 
tentials in are some medium quick waves, not always present, superimposed 
upon the slow basic potential Pl^ The presence of such superimposed waves 
upon the contraction potential is not surprising smce the mechanogram of the 
pilomotors often shows some superimposed oscillations (20) Potentials I and 
n mcrease upon repetitive stimulation, while I, HI and IV, but not H, disappear 
after ergotoxme paralysis Epmephrme m small doses, which do not contract 
the non-sensitized pilomotors, decreases potentials I and n If the pilomotors 
are sensitized by cocame, the same dose of epmephrme produces contraction, and 
the depressmg action of epmephrme upon potentials I and H ehcited by nerve 
stimulation is enhanced 

The mdiUxivng membrane gives rather similar records (135, 198, 200, 201, 202) 
The mam diEFerence is that the potential change occurring parallel with the con- 
traction can be subdivided much more clearly and constantly mtO the basic po- 
tential rV and the superimposed qmcker potential HI, which is of vaiymg char- 
acter monophasic, biphasic, polyphasic, or distmctly repetitive durmg the whole 
contraction With repetitive stimulation of the nerves, potential I usually shows 
a dechne, while II becomes more marked Cannon and Rosenblueth (192), as- 
suming nerve endmgs on only a hmited number of muscle cells, tentatively identi- 
fied the potential I ivith depolarization of the directly innervated key muscle 
cells, potential II mth depolarization of adjacent non-nmervated muscle cells, 
and potential R'' with depolarization of other mterfaces and with contraction 
Eccles and Magladerj' (76, 77) more or less confirmed all these findmgs, but ob- 
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served a further small wave N preceding potential I N is even present when the 
nerve stimulus is too weak to produce contraction and potentials I and IL The 
mterpretabons of Eodes and Ma^adory, however, are quite different, smce they 
believe m the existence of a fairly long refractory penod of the muscle cells and m 
the conduction of a wave of negativity, propagated distally along the membrane 
at a rate of 60 to 80 mm /sec., which they regard as the expression of muscular 
conduction. Koeenhlueth (iro) emphasises rightly that the dectncal potentials 
of smooth muscles are too compheated and not suffiaently understood to draw 
conclusioiis oonceming the properties of smooth muscles contradictory to other 
evidence The anatomical arrangement of the muscle cells m the nictitating 
membrane renders muscular conduction rather unlikely (3) Hemvesbgation of 
the potentials with special search for any mdication of conducted negativity 
waves or of refractormess of the muscles confirmed their absence (202) During 
epinephrine contractions, the potentials observed resemble very much potential 
ni and IV after nerve stimulation (77, 107, 198, 199) Nerve stunulatlon, while 
the membrane is under the influence of epmephrine, produces electrograma in 
which the potentials I and II are diminished or even completely absent (64), al 
though the muscle still responds with further contraction 

Fo^ the itrmary bladder of the cat after stimulation of the pelvic nerves, po- 
tentials rather snnilar to those for pilomotors and motitating membrane were re- 
corded (136, 199), and are similarly mterpreted as of local ongm and not con 
ducted. 

It is regrettable that the potential changes of the retrador pant apparently 
have never been studied with modem technic, since this muscle is very suitable 
for studymg the problem of conduction The string galvanometer record of 
BrOcke and Omuma (69) shows mdlcations of small spikes and large slow wave 
components, the latter probably comparable to potential III 

The ganglion cell-free ttrefer of the pig shows regular contraction waves atartmg 
from the renal end, which are accompanied m string galvanometer records by 
mono- or di phasic potentials according to the placement of the electrodes (116) 
Each wave lasts for several seconds, and thdr frequency varies between 2 and 
8/min. The amplitude and frequency Increases from renal to vesical end. Am 
phtude of the potential and strength of contraction show no strict correlation 
Bosler (44, 49, 60, 61) reinvestigated the ureter of various species with the 
amplifier technic and found, with a monophasio lead for the guinea pig, dis- 
charges up to 40/eec dimng a peristaltic wave However, in the rabbit and 
especially m the rat, the action potentials are rather slow negativity changes (last- 
ing up to 3.6 sec. in the rat) Hosier is mchned to explain these long lasting ac- 
tion potentials by a burst of Impulses fused into a continuous state. At the 
pacemaker ot the renal ureter end, Botler observed small local negative potentials 
developmg before the outburst of conducted impulses Isometno, but not simul 
taneous, recording of the mechanogram revealed a small tonus mcrease preceding 
the start of a contraction at the site of the pacemaker According to Busier, 
both the tonus increase and the small negativity are expressions of a local de- 
polanxation. 


1 
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During the spontaneous contractions of the ductus deferens of cats, waves of 
negativity, more or less parallel in time witli contraction can be detected with the 
stnng galvanometer (9) In correspondmg experiments slow mono- or di-phasic 
potentials, lastmg 3 to 9 sec each, have been found m rabbits (117) 

The contractions of the vagina of rabbits give negative potential waves of 5 to 
12 sec duration comcidmg with contraction (38, 39) Similar waves lasting about 
9 sec and traveUmg at a rate of 1 7.to 3 3 mm /sec have been observed on the 
isolated oviduct of pigs by Hasama (116) He beheves that the occasionally re- 
corded superimposed waves of higher frequency (2/sec ) are due to “mterference” 
of the potentials of parallel muscle fibers 
The electneal activity of the uterus is compheated by the already discussed m- 
fluence of the sex hormones upon excitabihty and conduction With the stnng 
galvanometer, slow negative potential waves were observed by Hasama (113, 
114) on the virgm labbit uterus with a frequency of 3 to 7/imn , more or less 
synchronized ivith contraction waves However, there was no constant paral- 
lehsm between amplitude or frequency and the strength of contraction In the 
isolated uterus, oxygen lack depressed the potentials much less than the con- 
tractions As a rule, sympathetic drugs mcreased amphtude and frequency of 
the potentials, while parasympathetic drugs only mcreased the frequency For 
the cat, essentially siimlar potentials were recorded by Bacq and Monnier (9) 
Epmephnne mcreased the potential waves and the contractions of the gravid 
uterus, but inhibited both phenomena m the nongravid uterus In the latter, 
potentials and contractions were mcreased by acetylchohne 
Although Greene* reported m 1928 m a short note (102) that, besides the slow 
waves of the uterus, there also occur rapid repetitive deflections, our knowledge 
of the electnc actmty of the uterus was really clarified only 10 years later by the 
mvestigations of Bozler The latter not only demonstrated for the gumea pig, 
rabbit and cat that conduction and electnc discharges are dependent on a certam 
minimal level of estrogens (43, 48), but he was also able to record rather qmck po- 
tential waves by the use of amplifiers (44, 46, 47, 51) Unfortunately, the con- 
tractions were not recorded simultaneously These high frequency waves can 
be obtamed from the conductmg uterus either monophasicly or diphaaically The 
conduction rate is slow for the gumea pig (1 to 3 mm / sec ), but higher m the two 
other species (up to 60 mm /sec ) The smgle waves have varying shape but are 

all rather short, and bursts of impulses up to 40/sec were observed Sympa- 
thetic nerve stimulation or epmephnne lowers or abolishes the potential waves 
and them conductivity m the non-pregnant uterus of the cat, but this inhibitory 
effect IS often preceded by a short excitatory state Bozler assumes that this di- 
phasic response is due to a dimin ution m excitabihty which leads to a block of 
muscular conduction, but that simultaneously new local impulses are set up 
The excitatory action wiU be suppressed as soon as the excitabihiy level has 
dropped suflBciently to block conduction Monson (168) confirms these results 
m the mam and emphasizes the local action of epmephnne and of nerve stimula- 
tion During prolonged epmephnne contractions, not only the slow waves are 
present but also the qmck, spike-hke potentials The slowmg action of epme- 
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phnne In the non pregnant cat uterus is only present if the drug Is applied to the 
pacemaher at the uterus horn. Balassa (11), using the string galvanometer and 
recording sunultaneously the contractions, observed for rabbits m anestnis that 
slow potential waves occur with the weak contractions, and that the more spike- 
hke potentials are only present during the more active contractions during estrus 
or late pregnancy For the cat, Balassa and Gnrd (12) also report slow waves m 
anestrus, blit for estrus and late pregnancy, high frequency potontiala in short 
bursts occurring only at the start of spontaneous and of drug contractions They 
assume with Boiler that only when the estrogemc hormones predominate is 
conduction from muscle cell to muscle cell possible For the human, and also 
for the dog, high frequency potentials during spontaneous and pituitrm contrao 
bon of the uterus have been observed (128) 

Puestow (181, 182), as well as Berkson (22, 23, 24), reported electromyographic 
studies of the xntahnt In edtu or after laolaUon of the rabbit, dog, cat, gumea pig 
and rat. With the string galvomometer without amphfier, monophasio or bi 
phasic records are obtainable, they are rather variable even for the same speaes 
However, In all cases a slow negabve wave occurs parallel with the mechanogram 
during a penstalbc wave. Rapid spiLe-hke potenbals of various shape are 
superimposed on the basic potential wave durmg the contraction proper Such 
rapid potentials are present, too, during long lasting contractions produced by 
direct repetibve electrical stimulation. However, occasionally complete spon 
taneouB dtasodabon of the electrical and meohamcal activity occurs m apparently 
normal loops. Curare mcreasca the strength of spontaneous contractions with 
out altering the electrogram Epmephnne paralyses the loops witliout abolish 
mg the electrical acUvity completely Esenne mcreases the motor aobvitj and 
the number and frequency of the spike potentials Nicobne apphed to an 
isolated loop produces at first strong contraobons with quick electrical osciUa 
bons, but after return to normal motor activity, not onlv the quick but also the 
alow elecbical waves are absent Nicobne apphed to a loop in mtu has httle 
effect upon the spontaneous contraobons, but abolishes all the electncal signs if 
the arculnbon of the loop has been diminished by arterial compression. Restora 
bon of circulation will restore normal electncal actlvitj with httlo change m the 
mechanogram Puestow and Berkson conclude that the electncal potential 
dianges ongmatc withm the mtnnsio nervous plexus The slow potential waves 
ivere reported, too, for the rabbit stomach (1 18) Faullan and Fehce (177) claim 
that In the cat intestme the onset of the slow negnhntj war e precedes spon 
taneous and also acetylcholine contracbons, but no traemgs are given in their 
paper 

Boiler (44, 45, 40, 49, 60, 61) recorded ivith amphfier, but without simultano- 
ous mechanogram, the potential from isolated intestinal stops and from loops in 
situ for the dog, rabbit, cat, gumea pig and mb No slow potenbal waves were 
observed m his experiments, but occasionally long lasting after potenbals A1 
though the electrograms vaned not only from species to species, but also from 
one typo of contmebon to another (pendulum movement, peristalsis, etc.) there 
was one common characteristic, namely, the presence of bursts of repobtive dls- 





ERNST EISCHER 


charges of spike-hke potentials The frequency ranged from 1/sec for the cat 
stomach to 10/sec for a peristaltic rush of the small mtestme of the rabbit 
These quick potentials can be recorded either as monophasic or as biphasic ones 
and are conducted waves of negativity Bozler beheves the potentials are too 
large to be produced by the relatively small amount of nervous elements present, 
and assumes muscular ongm and muscular conduction through protoplasmic 
bridges from muscle cell to muscle ceU Epmephrme^ m doses not high 
enough to stop the mtestmal movements completely, does not dimmish the fre- 
quency of spontaneous movements, but only their strength, and the number of 
electrical discharges found is accordmgly diminished Bozler explains this by a 
lowermg of the average level of excitabdity by epmephrme As for the pace- 
maker of the ureter, slow local potential changes are almost contmuously present 
m aU regions of the mtestme Impulses, often m bursts, are discharged at the 
crest of such local negativity waves Forster and co-workers (92) were able to 
demonstrate bursts of mitial spikes at the onset of contractions m the human m- 
testme, these are followed by a long-lastmg base hne shift with superimposed 
intermediate electncal activity 

For the goR bladder of rabbit and gumea pig, slow potential changes and quicker 
superimposed spike potentials have been recorded with the stnng galvanometer 
(16, 17, 18, 148) The slow waves occur more or less simultaneously with tonus 
changes, while the bursts of spike potentials occur durmg true contractions 

The diversity of the electrograms from various smooth muscle organs makes it 
impossible to propose any umtaiy theory for the ongm and mechanism of these 
different action current components There is no doubt that for some of the 
organs, the spike potentials behave rather similarly to those m skeletal muscles, 
and that for these smooth muscles, tonus could be explamed by gradation m 
number and m frequency of the impulses (48) It does not matter much for 
this question if the sites of ongm of these conducted potentials are nervous ele- 
ments or the muscle cells themselves But the fact that complete dissociation 
between electrogram and mechanogram can occur mdicates that the mechanism, 
which finds its expression m the spike potentials, is probably only of regulatory 
importance The existence of localized potentials occumng at least m some 
smooth muscle organs is evident The potentials III and IV of pilomotors and 
the mctitatmg membrane are not identical with the slow waves m the mtestme, 
uterus and ureter smce the latter are conducted However, there is the theo- 
retical possibUity that these slow potentials are localized potentials of the m- 
dividual muscle cells, thrown successively mto activity by conduction through 
the terminal nerve reticulum and thus simula ting a conducted wave of nega- 
tivity It imght not be advisable, smce the evidence is not strong enough at 
present, to generalize with Moxmier (165) that depolarization of the muscle cells 
themselves is constantly associated with contraction, and mcreased polarization 
with relaxation 

Impedance changes Pauhan and Fehce (177) tned to support the depolariza- 
tion theory by measurements of the impedance of the isolated cat mtestme 
Th^ claim that impedance decreases with contraction and diminishes with 
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relaxation However, as pointed out elsewbera (87), the resistance to alternat- 
ing currents of high frequency of a muscle fiber is not deterramed, at least the- 
oretically, by the charactensbcs of the membrane alone but also by the sub- 
miBcroscopical structure of the muscle fibrils changing with contraction and re- 
laxation. Careful impedance measurements on simple smooth muscle organs 
would be valuable for mcreasmg our knowledge about the mechanism of smooth 
muscle activiiy 

Eijisno AND MECHANICAL pnoPEBTiEa The differences in the length tension 
curves for striated and smooth muscles, for the restmg state as well as for the con- 
tracted state, have been regarded for a long time as one of the mam distin ctions 
between the physiologieal characteristics of these two muscle types. But for 
the last 20 years it has become more and more clearly recognlied that all con 
tractile bssuee give quahtatively similar curves, the main difference being only 
m the tone factor (189) If restmg vertebrate smooth muscle organs are 
stretehed slowly, the tension mcreases only a htUe but Imearly for a considemble 
range, and only for extreme length can conHideiablo tension be produced by slow 
elongation (retractor penis, 243, blood vessels, 66, uterus, 47, 211, urinaiy blad- 
der, 60) That the isolated striated vertebrate muscle fiber has also over a long 
range a constant extension modulus is now well recognised (184) Accordmg to 
Winton (246), the relation between tcnsian, length and tune for a stretched or 
released retractor penis can be represented by a mechamcal model moludmg a 
pure elastic resistance, a viscous-elastio system, and a pure viscous system ar 
ranged in senes There is no doubt that the absolute values to bo assigned to 
these three components differ a great deal from one smooth muscle organ to an 
other (214, 216) Bozler (48) demonstrated for the muscle coats of the artenes 
and for tho uterus that the rate of extention under a load follows the same tune 
comae ns tho lengthenmg after a contraction He concludes that relaxation, if 
not speeded up by an inhibitory mediator, is a purely physical process controlled 
alone by tho visco-elaatic properties of the contractile elements 
For a number of smooth muscles (intestine, 64, retractor penis, 243, nictitating 
membrane, 109, urmary bladder, 60), it has been demonstrated that the maximal 
tension mcrement produced by electrical stimulation or mediator action mcreases 
with the restmg length of the muscle up to an optimal length, beyond which a 
decrease in tension mcrement occurs. This is exactly tho same tension length 
relation as for skeletal muscle (183) As in the latter, at least for some smooth 
muscles, this optimal length is beyond tho maximal physiological length The 
tension mcrease with length apparently docs not apply for autogenous rhythmic 
contractions (urmary bladder, 101, 102, uterus, 211),probably duo to adepressmg 
effect of stretch upon tho pacemaker Only one miestigator has tried to de- 
termme tho “absolute muscle force” (maximal tension mcrement per cm ’ cross 
section at optimal muscle length) Ducrot (73) gi\ es a value of 800 gm /cm.’ 
for the opmephrmo contraction of mescntenc artenes Usmg tension and di 
raension values given by the authors or nssummg tho probable sue of tho muscle 
strips, the absolute muscle forces can be calculated as 650 gm /cm.’ for the in 
directly stimulated mctitatmg membrane (109), 630 gm /cm ’ for tho histammo 
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contraction of the cat ileum (54), 440 gm / cm " for the electrically stimulated and 
650 gm/cm® for the epmephrme contracted retractor penis (243) These 
values are much lower than those for most stnated muscles (89), but their con- 
formity IS astonishmg However, more data are needed to allow any general con- 
clusion 

As m stnated muscle, the tension mcrement of smooth muscle is affected not 
only by the muscle length but also by the experimental temperature (185, 244) 
Hydrostatic pressure affects the tension response of smooth muscles rather 
similarly to that of stnated muscles, and very high pressure produces a compres- 
sion contraction with a tension surpassmg that for maximal electncal stimulation 
(74, 78) 

“Tonus ” The change m our general attitude toward^ the tonus problem as 
far as it concerns smooth vertebrate muscles is best illustrated by a comparison of 
tivo papers of Bozler, one published m 1928 (40), the other in 1936 (42) In the 
first paper he tnes to demonstrate that also m vertebrate smooth muscles, the 
coarse and thm fibnls existmg side by side m the same cell have different func- 
tions, tome activity and qmck contraction respectively In the second and m 
later papers, he states emphatically that there does not exist any specific tome 
mechanism and that tonus can be explamed perfectly by the normaUy slow re- 
laxation of smooth muscles, which can be speeded up at least for some smooth 
muscles by the action of an inhibitory mediator, a mechanism not existmg m 
stnated muscles Bayhss (19) pomted out as early as m 1928 that, m considera- 
tion of the slow relaxation of smooth muscles, tonus can be mamtamed by con- 
tinuous excitations with httle expenditure of energy The measurement of the 
heat production of vertebrate smooth muscles dunng so-called tome contractions 
IE a task which nobody familiar with the pitfalls of our present methods has yet 
felt mchned to attempt For the relatively quick contractions of the cardiac 
sphmeter of the turtle stomach following vagal stimulations, Snyder (218) found 
after applymg various correction factors that the ratio of the heat to the product 
of tension, weight, and time is of the same order of magmtude as m stnated 
muscles Although there is no doubt that all our recent experimental results 
favor a umtary conception for the qmck and the tome contractions, the last word 
concemmg the tonus problem of smooth vertebrate muscles has not yet been 
wntten 

Conclusions Vertebrate smooth muscle organs show a large diversity of 
physiological characteristics However, all phenomena closely associated with 
the contractile mechanism proper are common to all smooth muscles and are 
rather similar to those of stnated muscle, the time factor alone is much shorter in 
the latter While for stnated muscles only one umtary mediator mechanism 
ehcitmg the contractile discharge exists, smooth muscles can be classified mto 
two groups accordmg to the excitatory mediator mvolved Furthermore, for a 
number of smooth muscles there exists also an inhibitory mediator For these 
muscles, the strength and the tune curve of activity are detenmned by the spatial 
and temporal mteraction of the two antagonistic mediators For some smooth 
muscles, activity might be controlled by the combmed action of more than two 
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physiological mediators Due to tho smallness of a smooth muscle cell, the 
mtegration of the activity of the smgle ceBs mto the function of the ivhole amooth 
muscle organ requires a more complicated mechanism than that for integration of 
single stnated fibers into the actu’itj of on anatomical muscle. Diffusion of the 
mentor is apparently onl^ of muJor importance under physiological conditions. 
In some smooth muscle organs there exists a mechanism for conduction 
"WTiethcr the latter occurs through protoplasmic bndges of the muscle substance 
proper or through the terminal nerve reticulum, cannot be decided yet, and 
difference in this respect might be present from one organ to the other There is 
no doubt that some smooth muscle cells are capable of autogenous impulse or 
pacemaker activity But this does not mean necessarily that all autonomic 
activity of smooth muscle organs is of myogemc ongm The autonomic impulse 
mechanism of the cardiac ventricle comes mto play, as a rule, only when tho con 
duction system is mterrupted Even striated muscle fibers show automatic 
impulse formation after denervation, but nobody would conclude that tho im- 
pulses for normal skeletal muscle activity are myogemc. In the majority of the 
smooth muscle organs, activity is controlled and governed by extrinsic nerves 
and by tho mtnnsic gonghon plexi, thus probably Buppressmg any automatic 
impulse tendency of the muscle cells proper, if existent The conelabon be- 
tween autonomic nen ous system, mediator action, and contractile mechanism is 
in some smpoth muscle organs dependent on tho balance between the levels of 
\anou8 hormones, 

Smee the contractile mechanism m smooth muscle is so sunOar to that of sin 
ated muscle, where it can be studied under much more favorable conditions, the 
mam task for the future concerning the phyaology of vertebrate smooth muscles 
win be the analysis of the mechanisms by which contraction of tho single muscle 
cells arc mtegrated mto the specific functions of the ^a^ou8 smooth muscle 
organs, 
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WATER EXCHANGE 
JOHN P PETEH8 

Deparimtnt of Inlernal ifedfane yale Unwtrtily 

Some years ago the author (317) attempted a comprchensiv e treatment of the 
functions of water m biological reactions This article must lean heavily on that 
earher volume and on previous reviews, confinmg itself largely to recent con 
tributions 

Membbanb EqmiiiBniA and thanbfers or wateb within the hody Despite 
the extreme differences m composition of the contents of its vanous compart- 
ments, a uniform osmotic pressure prevails throughout the flmds of the body 
It follows that the membranes between these compartments must universally 
permit the free passage of water and that exchanges of water among the com 
partmente must be determmed by the hydrostatic and osmotic forces within 
them 

liooements CfJ vxiUrbeltBetniht aTOiltding blood cmd (he txincdlviaTfitttd. The 
demonstration, by direct analysis of edema ffmd and other transudates and by 
inferential methods that the extracellular flmd has the composition of an ultra- 
filtrato of plasma, is more substantial proof of the validity of the Starling theory 
than are quantitative data which show that the colloid osmotic pressure of the 
plasma and the capillary blood pressure have the proper relative magmtudes 
(269, 382) The effective hydrostatic force tending to expel flmd from the capfl 
lanes is the capillary blood preesure nunus the tissue pressure (i e., the elastic 
resistance of the extravascular spaces to distention) , the effoctivo osmotic force 
which tends to dni e water back mto the blood stream, the colloid pressure, is 
the osmotic pressure of the serum proteins nunus the osmotic pressure of the 
proteins m the perivascular fluids 

The colloid osmotic pressure of the protems of normal plasma, mcluding a 
contnbution from the Gibbs Dorman effect, amounts to about 30 cm of water 
or 22 mm of mercury (436) The greater part of the colloid osmotic pressure 
derives from serum albumm, which has a smaller molecule than globuim The 
capOlary blood pressure vanes greatly according to its anatomical situation 
and local circulatory reactions In those parts of the general circulatory system 
that have been investigated, the pressure at the arterial end of the caplUanes 
appears to be greater, that at the venous end less, than the colloid osmotic 
pressure (259) 

Hie impermeability of the capillary walls to pro tern is not contmuous, absolute 
or uniform McCarrcll, Thayer and Drinker (297) have verified Starling’s 
(382) observation that the concentration of protem m lymph from the liver is 
practically idcnticiU with that of plasma. If the mterstitial fluid about the 
portal capillaries did not contam high concentrations of protem, exchanges of 
fluid in this region would bo impossiblo because m the portal \em the blood 
pressure is lower than the colloid oemotio pressure of the plasma proteins A1 
though the proteins m hepatic lymph may bo partly formed in situ, the rapid 
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appearance m thoracic duct lymph of foreign protem (281) and of dyes that ad- 
here to proteins (62, 127, 364), after mtravenous mjection of these materials, 
mdicates that proteins must escape readily from the capillanes of some regions 
drained by the thoracic duct The low concentrations of protem m edema flmds 
and transudates, 0 06 to 0 6 per cent, (179, 269, 317, 347, 410) and the failure 
of dyes to enter these flmds m appreciable quantities (127, 160) denotes that the 
capillanes of penpheral tissues are far less permeable Foreign proteins and 
dyes also appear m smaller quantities m l 3 Tnph draimng the extremities tVinTi 
they do m thoracic duct lymph In the latter, for example, after mjections of 
the blue dye, T-1824, Courtice (78) and Ferrebee et al (127) found dye concen- 
trations as high as 30 to 40 per cent of those m plasma with a lymph flow of 100 
to 200 cc per hour while m cervical lymph the concentrations were only 3 to 15 
per cent of those m plasma with a lymph flow of only 10 to 20 cc per hour 
Anoxia (258, 291) and vasomotor disturbances induced by physical agents (253, 
260) or drugs (39, 172, 384, 394) can mcrease capillary permeabihty so much that 
proteins escape freely from the circulation Flmd of urticanal wheals or angio- 
neurotic edema contains high concentrations of protem (173, 347) Such lesions 
also take on an mtense blue after mjections of T-1824 (127) 

Tissue pressure also vanes with structure and location In the subcutaneous 
tissue of a normal subject m the recumbent position, at the level of the heart, it 
IS usually less than 6 cm of water, occasionally as high as 7 to 8 cm (53, 293, 376, 
431) It rises when venous congestion is mduced, because of the expansion of 
the veins (431)^, and is also mcreased by accumulation of edema fluid (376) At 
rest m the recumbent position, Wells and Youmans (431) found mtramuscular 
pressures from 2 to 11 cm of water, highest m muscles with tight fascial sheaths 
When venous pressure was raised to 100 cm the mtramuscular pressure m the 
tibiahs anticus rose as high as 50 cm of water The relatively small expansi- 
bihty of muscles may explam the comparative immumty from edema that they 
seem to enjoy 

The volume of the circulating blood The retention m the blood stream of dyes 
used to measure plasma volume depends not upon their molecular size or other 
inherent physical properties, but upon their propensity to combine with serum 
protem, especially the albumm fraction (331) Like the latter they are not en- 
tirely restramed by the capillary walls Large amounts of T-1824 or bnUiant 
vital red appear m thoracic duct lymph shortly after either is mjected mto the 
blood stream (62, 127, 364) If they were steadily, gradually and permanently 
removed from the circulation by this route from the moment of their mjection, the 
true volume of the plasma could be estimated by extrapolatmg to the moment of 
injection the curve descnbmg the decrease of dye concentration m the blood 
plasma There is no certamty, however, that the dissemmation of dye through 
the cuculatmg blood and its escape mto thoracic duct lymph are either initiated 
or reach steady states simultaneously The return of dye to the blood stream 
again via the thoracic duct defies correction The amount of dye returned may 
ordmanly be so small, as Courtice claims (78), that the error of mcludmg a shunt 
m the system is of no great significance Variations m the volume and flow of 
thoracic duct lymph, which may occur under the very conditions m which 
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knowledge of plaama volume changes is most desirable, must introduce mcom 
mensurable errors of no negligible magnitude if, as Ferrebee, Lei^ and Berbner 
(127) have estimated, the thoraoio duct lymph system may contain as much as 
7^ per cent of the dye mjeoted As evidence that removal of dye from the blood 
stream is not a uniform process, Gildor, MOUer and Phibps (103) found that 
extrapolation of the disappearance curve to rero time shortly after mnong is 
complete and extrapolation at a later time yield different values for plasma 
volume 

Accordmg to most observers the carbon monoxide method, which measures 
blood volume directly, yielda smaller values than the dye method does (29, 366) 
In normal subjects Hopper (228) found that the two methods agreed on the 
average, but differed m one direction or the other m mdividual subjects It 
seems highly unlikely that some of the carbon monoxide is absorbed by myo- 
hemoglobin or that it penetrates to cells in repoatones such as the spleen (226) 
It seems more likely that tcchmcal errors, ell of which will tend to give excessive 
values, cannet be excluded and that, as Whipple and others (183, 365) have sug 
gcstcd, the red blood cells are not evenly distributed thron^out the circulation 
Transfusiona with red cells containing radioactive iron or phoephorus (62, 181, 
182, 183) are not pracboal for most purposes 

Both carbon monoxide and dyes appear to give too large values for blood 
volume m normal persons, which may bo greatly and unpredictably magnified by 
physiological and pathological disorders. The carbon monoxide method, though 
todimcally more difficult, is probably less subject to grees errors because red 
blood cells are leas prone than jlroteins and dyes to escape from the circulation 
(145, 226) Hopper (226) found that while the two usually agreed well in normal 
Eubjects and m many disordered states, the dj e method occasionally mdicated 
paradoxical expansions of the plasma when the carbon monoxide method and all 
other enteria indicated hcmoconcentration 

The moat extensive senes of measurements, by Gibson and Evans (161), by a 
refined teohmque with the blue dye T-1824, gave blood volumes for normal rest- 
ing adults of 2990 to 6980 cc , avemgmg 4635 co Related to wei^t the average 
was 72 4 CO per kgm with extremes of 46,3 to 97 7 co Related to surface area, 
with which the correlatjon was somewhat doser, the average was 2760 cc per 
sq m Them was a distmct sex difference, the average for maloe bemg 77 7 cc. 
per kgm (range 66,2 to 99 7), for females 66 1 cc per kgm (range 463 to 85 4) 
This difference is not as Chang and Harrop (61) earher suggested, referable to 
differences m body build (161, 226) In the senes of Gibson and Evans (161) 
the average for males was 2930, for females 2630 co per sq m The greater 
volume of Wood in males depends chiefly upon the larger proporbon of cells 
In adults the ratio of blood volume to sue varies httle with age Immediatdy 
after birth infants may lose considerablo fluid with concoimtant hemoconcentra- 
tion (19) which rapidly disappears when adequate fluids are taken In the first 
weeks of life the cell volume falls while the plaama volume remains constant 
(20) Both blood and cell volumes are greater m proportion to body weight, but 
smaller in proportion to surface area, in children than on adults (94) 

The lymphatic system Compansona of the compositions of the two media 
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can leave no doubt that lymph is an ultrafiltrate of blood plasma (13, 105, 210) 
The lymphatics appear to provide an alternative route by which fluids may be 
returned from the extracellular spaces to the blood stream They also seem to 
have the faculty, not possessed by the blood capillanes, of removing from the 
tissue spaces particulate matter and large molecules such as proteins and hpids 
Foreign protems are not absorbed directly from the tissues mto the blood stream, 
but find their way thither through the lymphatic channels (131, 268) unless the 
permeabihty of the blood capdlanes has been impaired (132) Even larger 
particulate materials enter lymph channels from the mterstitial spaces with 
relative ease, although they do not sean to be able to escape m the opposite 
direction (133, 227, 274) The fact that the concentration of protem is regularly 
higher m lymph than m the mterstataal spaces is further evidence that colloids 
can enter but not leave the lymphatics The colloid osmotic pressure of the 
protems that gam access to the lymph, aided *by the tissue pressure, provides a 
force by which the l 3 Tnphatics may be filled The flow of lymph from the ex- 
trermties is accelerated by active contraction of the muscles (422, 436) which, 
aided by the valves m the l 3 Tnphatic trunks, provides additional propulsive en- 
ergy Lymph flow vanes directly with the quantity of flmd m the extracellular 
spaces, presumably because this influences tissue tension and the quantity of 
protem m the mterstitial flmds (209, 422) Filhng of the lymphatic capillanes — 
and, to this extent, the flow m these vessels — ^is opposed by the force of gravity 
and by the colloid osmotic pressure m the mterstitial flmd about these capil- 
lanes (96) 

Concemmg the absolute volume of the lymphatics there is no information 
Both the volume and flow of lymph m the thoracic duct mcrease when food and 
flmds are mtroduced mto the gastromtestmal tract, when gastromtestmal secre- 
tions are stimulated and when flmds are mjected mtravenouSly (421) 

Interslittal fluid From analyses of edema fluids (176, 177, 206, 273) and 
by direct samphng of extracellular flmd firom muscles (290), it has been estab- 
lished that the mterstitial flmds, like lymph, have the the characteristics of 
ultrafiltrates of plasma, differmg from plasma only m contammg smaller quan- 
tities of protems and hpids The cations m such flmds consist chiefly of sodium, 
yrhilft the prmcipal amon is chlonde, distmgmdimg them from most mtracellular 
flmds m which potassium and phosphate predominate The total quantities 
of sodium and chlonde m the body could be accounted for if they were confined 
to a volume of plasma ultrafiltrate equal to 20 or 30 per cent of the weight of the 
body (199) After the mjection of a number of substances, among them sulfo- 
cyanate, sulfate, sucrose (263), magnesium (374) and bromide (49,372,445), the 
concentrations of these substances m the plasma mdicate that they are dispersed 
through a volume of flmd of the same order of magmtude The same is true of 
radioactive sodium (242, 281) and chlonde (443) If solutions contammg 
ordinary sodium or chlonde are mjected, the mcrements of these ions m the 
plasma mdicate that the added ions are confined to a space of about the same 
size Analyses of muscles yield aiough chlonde and sodium to account for an 
extracellular volume of about 20 per cent (114, 115, 205, 290), which comcides 
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with the volume mto which these ions will diffuse when muscle is suspended in 
salt solutions (112, 438) 

Ihere is, therefore, a differentiated body of flmd, amounting to from one-fifth 
to onethird of the body mass, which has the characteristics of an ultrafiltrate 
of blood plasma with which it is in diffusion equilibrium This body of fluid 
oontains most of the sodium and chloride in the anima) Individual tissues, on 
the other hahd, contam quantiUea and proportions of sodium and ohlonde that 
cannot bo attributed to such an extracellular ultrafiltrate (11, 128,. 197, 199, 
282,283) The quantities of these constituents m cells vary from tissue to tissue, 
being relatively largo, for example, in red blood cells, the cells of the gastric and 
intestinal mucosa and the kidneys (11, 283), almost ncghgible m muscle and liver 
cells (11, 128) Those mtracellular fracUons of sodium and chloride do not 
appear to travciae cell membranes freely Radioactive sodium penetrates the 
extracellular flmd with great rapidity, but comes mto equihbnum only slowly 
with the sodium m tissues that contam high concentrations of this clement 
(242, 281) Amberson was able both in too (11) and in mlm (314) to wash 
chloride easdy from muscle, liver and kidney cells, the concentration of chloride 
in these tissues whai plotted against time, describing a curve that approached 
lero From other tissues with mitially hi^ ohlonde it could not be easily 
removed and the curves of oonoentration m these tissues approached not rero, 
but a positive value Part of the ohlotide m these tissues was restramed from 
escaping 

Variation of the concentration of sodium m blood plasma, instead of changing 
the concentrations of sodnim m the blood cells, oauses water to move to and from 
the cells in such a manner that the osmotic preesures in the two media remam 
always identical (318) Similar resotions between tissue cells and the extra 
rjJliilar fluid have been demonstrated by mdirect methods (110, 112, 114, 116, 
300, 468) From such experiments it has been estimated that all or almost all 
of the sodium m oxtraceflular fluid must be oemotically active, that sodium 
salts are osmotically the most important components of this fluid, that they do 
not diffuse across cell membranes and therefore control the distribution between 
the intracellular and extracellular compartments of water, to which all cell 
membranes are permeable The nnpermeabihty of cells to sodium is not un 
conditioned sodium will enter even muscle cells when they become depleted of 
potassium (219, 220), but the transfer is probably not effected by diffusion alone 

The volume of the extfaetBidar flmd can be estimated only from measurements 
of the volumes of distribution of a number of substances that diffuse freely from 
the blood stream through the extracellular fluid, but are more or less completely 
excluded from cells At the end of an appropriate toterval after administration 
of the test substance its concentration m the scrum and the amount excreted are 
measured The volume of distribution, E, is then estimated by the formula 

E — — 5 — in which A — the amount of substance given, V the amount excreted 

in the urmo, and 5, its concentration in the water of blood serum None of the 
test substances commonly used is completely excluded from cells The volume 
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of distribution of sodium is regularly larger than that of chlonde (443) or bronude 
(424) The distnbution of thiocyanate differs from all three It enters red 
blood cells, probably certam tissue cells, and flmds m the gastromtestmal 
tract (81, 263) Sucrose (and probably sulfate) are probably more nearly 
restricted to the extracellular fluid Neither enters blood cells nor appears m 
appreciable quantities m gastromtestmal flmds On the other hand, both are 
so rapidly excreted by the kidneys that it is hard to mamtam adequate concentra- 
tions m the serum for a suflSciently long penod, and correction for excretion is 
undesirably large if renal function is normal (263) In these respects thio- 
cyanate, ■which IS excreted slowly, has an advantage over other test substances 
which have been proposed The distnbution of ■test substances is not the same 
m all species (242, 443) 

Estimation of the volume of extracellular flmd from the mcrements or decre- 
ments of serum sodium or chlonde, or both, produced by administration of a 
known amount of sodium chlonde, requires the administration of such large 
quantities of salt m such high concentrations that the osmotic effects of the 
mjected solutions themselves alter the distnbution of water m the body 
Changes m the volume of the extracellular flmds can be estimated ■with reason- 
able accuracy from balances of these ions and their concentrations m serum by 


the equation, AE — 


(AS) I u u A 

— ^m which AE 

Ah 


the mcrease of volume, Ei “ the 


imbal volume, AS the mcrease of concentration m the serum of test material, 
and Si its final concentration m water of serum This reqmres that some value 
for El be assumed 

In eight normal adults by radioactive sodium Kaltreider (242) found extra- 
cellular flmd volumes of 20 8 to 28 7 per cent of the body weight, averagmg 24 8, 
while by thiocyanate with correction factors of Lavietes et al (263) they were 
19 5 to 25 8 per cent, averagmg 23 3, which agrees ■with values found by La'vietes 
(263) By sucrose volumes about 10 per cent lower ■were obtamed by Lavietes 
16 4 to 28 0 per cent, averagmg 21 4 per cent of the body weight The volume 
m a given mdrvidual is far more constant than the volumes m a group of m- 
dividuaJs and is characteristic of the mdividual (263) The ratio of extracellular 
flmd to body weight is smaller m obese than m thm subjects both m humans (242) 
and m dogs (199) This ratio also vanes from species to species, bemg nearer 
0 30 thn.Ti 0 20 m dogs (199, 443) The proportion of total water as well' as the 
ratio of extracellular to mtracellular flmd diminishes ■with age from fetal to adult 
hfe (232, 457) 

Forces that vary the volume of extracellular fluid Smith and Mendel (362) in 
1920 showed that ■withm a few nunutes after mtravenous mjection of quantities 
of sahne or glucose solutions equal to the total blood volume, the blood vo|mne of 
rabbits had returned practically to its imbal levef and no gross accumulations of 
flmd could be found m the animals Similar observations have been made by 
numerous mvestigators (10, 340, 387) Ingested water is treated m much the 
same ■way (216, 328, 359, 360) The water is stored, chiefly m the mterstitial 
spaces (205, 261, 387) Presumably the accession of flmd to the blood stream 
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increases the hydrostatic pressure and diminishes the colloid osmotic pressure 
enough to acelerato the current from capillaries to mteratitial spaces Processes 
conducive to dehydration and hemoconceptmtion, conversely, detract from the 
volume of the mtorstitial fluid (115, 141, 294, 300, 310, 468) If tho concontra 
tion of aodium salts m the body is morcased the cells uiU yield water to tho 
extracellular fluid because, smee sodium does not penetrate cells, the effective 
or electrolyte osmotic pressure of the extracellular flmd nsee (116, 318, 444) 
Vice versa, reduction of tho concentration of sodium salts m the extracellular 
flmds causes the colls to expand at the expense of these llmds (110, 294, 299, 
387, 468) Ihore is every reason to boheve that alteration of the osmobo 
pressure of cellular contents causes similar exchanges of water, but reacbons of 
this type cannot be eheited by the mere administration of salts 

Changes of the hydrogen ion concentiabon of the body flmds also cause 
shifts of water between cells and adjacent mtorsbtial flmds, by reacbons that 
have been moat precisely defined by Van Slyke (411, 412) When acid is added 
to a biological medium containing protom tho acid nmon combmes with base 
derived from the weakly dissociated protem to form a strongly dissociatod salt 
This mcroases tho number of osmobcally aobve components m solubon Add 
ifioabon mcreascs the osmobo pressure of colls more than it does that of extra 
cellular flmd because cells contam more protem It therefore causes water to 
pass from extracellular flmd mto the cells, whilo alkahmsabon moves it in the 
opposite direchon Such exchanges of water, m response to changes of COi 
tension, have been demonstrated m the blood both in the test tube (187, 218, 
411, 412) and m the arculabon (104, 218, 321), and m the muscles of hving 
animals (114) 

IntraoeUular fluid and tls control CeUuIar membranes withm the body 
appear to be generally permeable to water, hydrogen ions and probably 
ammonia, but to few other solutes In most animal forms there seem to bo no 
bamora to tho diffusion of urea (113) , but m certain fishes imifonnity of osmotic 
pressure is largely mamtamed by urea, which plays the rfllo that m other animals 
IS delegated to dectrolytos (4, 366, 368) Glucoeo is distributed uniformly 
through tho water of plasma and cells m tho blood of man (250, 880) and certain 
other species, but is far less concenteated m the Wood coHs of rabbits and some 
other mammals (381) Direct proof that tissue cells admit glucose freely is 
hard to obtam because tho sugar IS so rapidly utflUed by these cells (77) Solutes 
that can move unrestrainedly through cell membranes contribute to the total 
osmobo pressure of all tho media to which they have access, but do not affect 
the diatnbubon of water between media. 

Tho formabon of glycogen from glucose enables tho cells to store largo quanb 
bes of sugar m such large molecular form that the carbohydrate is effectually 
imprisoned m the cells and exerts a ramima] osmobo pressure lapids, because 
of their insolubility, must be osmotlcally almost inert. These intracellular 
colldds although they occupy considerable space, must exert a minor influence 
upon tho distribution of water Protem would occupy a dmilar position wore it 
not for its ability to combine with a great variety of other substances 

Of chief concern from tho standjicmt of tho internal water exchange is the 
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disparate diatnbutxon of electrolytes The alinost complete exclusion of sodium 
from cells and the accumulation of potassium withm them could not be achieved 
by processes of diffusion alone, it would require the expenditure of no mean 
amount of energy If the metabohc activities of blood cells are reduced to a 
minim um by chilling, no appreciable quantities of either sodium or potassium 
enter or leave the cells when the concentrations of these elements m serum are 
greatly mcreased or diminished (116, 318) Water passes m or out of the cells 
m response to such alterations of the concentrations of cations m plasma as if 
the sodium ongmally m the plasma and the added sodium or potassium were all 
osmotically active (116) When blood is placed m the mcubator, so that the 
metabolism of the cells proceeds, potassium moves across the cell membrane, the 
direction of its motion dependmg not upon its concentration, but upon the nature 
of the metabohc activities of the cells (89) Inorgamc phosphate manifests the 
same type of behavior (186) The energy required for these lomc transfers is 
presumably derived from the metabohc reactions with which their motions are 
associated The concentration of Na+K is greater m blood cells than m plasma 
Moreover, m the cuculatmg blood the concentration of base m blood ceUs, 
unlike that m serum, can vary considerably without proportional transfers of 
water (116, 320) These and other observations (379) comprise a growmg body 
of evidence that the morgamc components of cells are not all osmotically active 
as those of plasma appear to be 

The general chemical patterns and behavior of tissue cells are similar to those 
of blood cells The cell membranes are not even freely permeable to the inor- 
gamc components that are particularly plentiful m cells Injected magnesium, 
for example, appears to be confined to the extracellular fluid (374) Inorgamc 
phosphate penetrates muscle cells freely neither in vfdro (109) nor tn mo (326) 
The volume of distnbution of mjected phosphate, though somewhat larger than 
the volume of the extracellular flmds, falls short of the total flmd of the body (312) 
The volume of distnbution of potassium, immediately after its mjection, is 
greater than that of the extracellular fluid, sometimes even exceedmg the total 
flmd of the body Subsequently it is released, from the cells m which it has 
accumulated, to be excreted by the kidne3rB (44, 437, 445) Although sodium 
IS usually excluded from muscle cellSjit will enter them m animals that have been 
depleted of potassium (219) Undoubtedly these morgamc materials contnbute 
to the mtracellular osmotic pressure, but not as inevitably as do the inorgamc 
constituents of the extracellular flmds Elkmton, Winkler and Danowski (121) 
found that, although extracdlular flmd changes could be estimated with accu- 
racy from balances of sodium and its concentration mserum,fotaI water changes 
could not be estimated with the same accuracy from the concentrations and 
balances of total base or of sodium -f- potassium It may be inferred that 
fractions of potassium, magnesium and phosphates m the cells are not osmotically 
active and consequently do not control water exchanges, presumably because 
they form undissociated or partly dissociated combinations with proteins This 
permits their concentrations to vary, withm limits, m accordance with the 
activities of the cells, without obhgmg the cells to unbibe or eject proportional 
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quantities of water The passage of electrolytes and probably many organic 
compounds appeals to be linked with metabobo reaebons of these cells which 
provide the energy required to effect their transit 
The volume of the total a7%d tnlracelltdaT fitadt The volume of the intracellular 
flmds can be estimated only by subtracting the volume of the extracellular fluid 
from the total flmd By weighing animals before and after desiccation Darrow 
and his assooiates (199) have measured the total water m a number of speoios 
In rabbits this amounts to about 76 per cent of the body weight, in dogs to about 
66 per cent, and m macacus monkeys to about 70 per cent The proportion of 
water is greatest m lean, least m adipose animals 
As yet only one substance, heavy water, has been found which distnbutes 
itself rapidly and evenly throughout all the water of the body and which is not 
des&oyod nor altered m the body By means of DjO, Fleiner, Qellhoni and 
Merrell (139) found 66 per cent of water m gumea pigs, Hevesy and Jacobsen 
(221) found similar amounts m rabbits In the gumea pig Flexner et ab (139) 
estimated that 73 per cent of the water of the blood was exchanged with the 
extravascular water in the course of a mmuto In the rabbit DiO was distributed 
throughout the extracellular flmd withm 30 seconds and throu^out all the water 
of the body withm 30 nunutes after its mjeotion 
By means of urea Pamter (316) obtamed reasonable values for the total 
water of dop Small amounts of this compound may, however, escape recoveiy 
and large corrections must be made for its continual production m the body and 
its rapid excretion by the kidneys It has been shown that sulfanilamide, which 
Marshall (285) claimed had the desired properties, ns well as other drugs of its 
group, form compounds with proteins and are most capriciously datnbuted 
through blood and tissues (118, 211) Thiourea has been tested by Purple nnd 
Lavietcs and by Danowaki (90) Althou^ ongmally reported to be mert, 
universally diffusible and completely excreted (40), a small fraction is stored or 
destroyed m the body It appears to be more useful as a measure of changes in 
the volume than as a measure of the absolute volume of the total water (90) 
The total water balance can be estimated with considerable accuracy by the 
metabolic method which is discussed below Eetlmationa from balances of 
sodium and potassram and thdr concentrations in blood plasma have proved 
unrdiablo for reasons mentioned above (121) 

Exchanges or WATER iviTH THE ENTmoNMENT ThtreU Thesensationof thirst 
does not seem to onginato m dryness of the oral mucosa It is not affected by 
abeonco of salivary glands (386) or resection of the olfactory, gustatory or tri 
gominal nerves (32) Even m diabetes insipidus thirst can bo slak ed throng a 
stomach tube (138), while a dog with an esophageal fistula will drmk enough to 
meet its immediate needs (7) When their diets and water intakes arc varied, 
dogs will dnnk in proportion to the water deficits thej meur (341) Dill (100) 
has reported a burro that, after excessive sweating in tropical heat, drank without 
a pause 12 htors of water, replacing its fluid deficit with considomblo accuracy 
Drinking is attuned not only to the voliimo of fluid m the body, but also to the 
concentration of solutes in this flmd Gibnan (105) has suggested that the stun- 
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ulus to thirst IS the ^vate^ content of the cells After intravenous injection ib 
hypertonic sodium chlonde, dogs immediately consumed enough water to restoisf 
the osmotic pressure of the body fluids to its mitial level, despite the fact thEJSi 
they already contained excessive amounts of water On the other hand, dop; 
depleted of salt by Darrow and Yannet (95) evmced no thirst despite hemcfe 
concentration Dogs evmced less thirst after urea solutions than they did aftedi 
salt solutions of equal osmotic strength (165) The mfluence of cellular hjf 
dration must be less than absolute, smce animals or men who have been depleteisi 
of salt and water will dnnk enough water to reduce the concentration of salt iito 
the body flmds below normal, and animals dehydrated by urea do manifest thirsttl 
Alimeniary exchanges of water In the middle of the last century Bidder anc4 
Schmidt (36) demonstrated that enormous quantities of water and salts art 
contmually poured mto the stomach and mtestmes, only to be agam reabsorbed s 
The sumlanty between these flmds and blood serum and the influence of thiat 
exchange upon the mtemal environment were vividly fllustrated by Schmidt's t 
(349) studies of epidermc cholera, dysentery and catharsis The full unphcations i 
of these phenomena were recogmzed by Gamble (150, 162, 163), who shoned 
that all the secretions of the alimentary canal and of the digestive glands, m spite 
of the diversity of their cheimcal patterns, have the same osmotic pressure as 
body flmds This has been verified not only by chemical analysis, but also by 
measurements of vapor pressure (167) The osmotic pressure of the gastnc (167) 

and pancreatic (21) secretions vanes with that of the serum 
Except m the acid secretions of the stomach, where it is largely replaced by the 
hydrogen ion, sodium is the predommant cation of these flmds, while the amons 
consist almost entirely of chlonde and bicarbonate (31), unmistakable evidence 
that the secretions are denved from extracellular flmds 
Solutions mtroduced into the ahmentary canal become isotomc with blood 
serum dunng the process of absorption 'This adjustment is accomplished by 
excretion of water and salts and the simultaneous absorption of solutes, if the 
latter can be absorbed A hj^pertomc solution of glucose mcreases in 
volume by the addition of salt and water until it reaches the osmotic pressure of 
serum A hypotomc solution loses volume, although it gams salt, until it reaches 
the same pressure But even while these solutions are gaimng or losmg fluid, 
glucose IS bemg withdrawn from them mto the blood (146, 275, 330) The 
actual -quantity of flmd excreted m response to the mgestion of food or fluid 
18 detenmned by the osmotic pressure of the mgesta The amount of water 
ultimately left m the normal gut depends upon the quantity of solutes which is 
not or cannot be absorbed Water or solutions contammg completely absorbable 
solutes may be entirely absorbed, but before this process is terminated the so- 
lution IS replaced by a salt solution having a composition characteristic of the 
secretions of the gut (55) If an ion, hke sulfate, which cannot be easily ab- 
sorbed, IS mtroduced, httle salt enters the gut and what does enter is eventuaUy 
almost completely reabsorbed, leavmg an isotomc solution of sulfate salt (97, 
228, 416) In the stomach secretion follows the same principles as it does m the 
mtestme, but absorption (75, 117), even of water (74), is almost neghgible In 
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e(don absorption predominates, this is the site of the final concentratmE 
rt^pxocesB that yields the sepilsohd feces (12, 171) 

ifci The alimentary canal affords httle protection to the mtemal environment 
riytbsorpUon of water and salt docs not cease when there is a plethora of these 
filiiiaterialB m t^ie body Secretory activity oontmnes when the salt concentration 
etand volume of the body fiuids is depleted (248, 269, 378) Smee these socrotrons 
Milare reabeotbed this has no viciouB effect so long as the alimentary canal, kidneys 
ligand other organs are functioning efficiently If, however, the gastromtestmal 
f 1^1 contents ore removed by vomiting, diarrhea, by a tube or throu^ a fistula, 
the uncontrolled secretory activity may lead to disastrous dehydration and salt 


depletion 

The mass movememts of fluid mvolved m the processes of secretion and 
reahsorption require some other force than osmotic pressure Wells (427, 428, 
429) behoves these movements are oontroUed by a balance between the colloid 
osmotic pressure of the protons m the tissue fluids of the mtestmal villi which 
tends to withdraw fluid from the mtestmo, and the hydrostatic pressure on the 
two sides of the mtestmal mucosa This equihbnum is defined by the equation 

^ — K{TP — OP, — IP), in which — the rate of passage of fimd mto them 
at at 

testme, TP - the hydroetabo pressure m the tissue spaces of the vjlh, OP, •» the 
colloid osmotao pressure of the fluid m these spaces, and IP = the intramtestinal 
pressure. TP a a. product of the state of congestion of the blood vessels m the 
mtestmal wall and the distention of the laoteals Wells found that the mtro- 
duction into the mteetmes of food and fluid regularly evoked circulatory con- 
gestion, which disappeared when absorption began (430) Ho has estimated 
that the magmtude of the various forces Involved meets the requirements of the 
equation and has shown by a large senes of experiments that the direction and 
rate of flow of fluid across the mtestmal wall vary with TP and IP as theory 
demands (420) 

Loses oj water Otrovgh skin and respiratory passages The insensiblo perspira 
tion, water constantly lost by evaporation from skin and respiratory passages, 
must depraid upon the differences m temperature and ivater vapor pressure 
between the surface from which evaporation takes place and the environmental 
atmosphere During normal respiration, with the atmoepheno temperature 
between 23“ and 26X5 the aqueous tension of alveolar air is about 2 tnin Hg 
lower than it would bo if the air wore completely eaturated at rectal temperature 
As the envnonmental temperature rises to 37 6° to 41“ the vapor tension of the 
alveolar air also rises Saturation is more nearly attained during a period of 
apnea, alveolar vapor pressure falls durmg hyperventilation (68) The in- 
Bonsiblo water from the skin seems not to emerge through the skm to evaporate on 
the surface, but to escape as water vapor (hreetiy from within the skm, which 
is permeable to gases, but not to water (289) So long as the sweat glands are 
inactivo the insensible perspiration is almost, if not altogether, devoid of solutes 
(33, 147 188, 413, 416) 
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Metabolic measurement of water balances Vaponzation from skm and res- 
piratory passages is one of the chief piocesses by whic|i heat is ehminated from 
the body When heat production is moderate and when environmental tempera- 
ture and humidity are equable, approximately 25 per cent of the heat produced 
by a normal mdivndual is lost by evaporation Newburgh (234, ^ll) proposed 
that this relation be used to estimate water balances m the following manner 
The water balance, WB, may be defined by the equation, WB— (Wj — TTj) 
-bCS* — 5/)-h(C' -f- 0 54P -b i?^,mwhich TFj and Wt are the final and imbal body 
weights, S, and S/ are the sohds of excreta and mgesta, while C, P and F are the 
weights of carbohydrate, protem and fat burned by the subject The first two 
terms, the weight gamed and the sohds lost, may be measured directly with 
considerable accuracy The last term, the quantity of food burned, can be 
estimated only by mdirect methods that mvolve a senes of assumptions that C is 
equal to the carbohydrate eaten, that P can be calculated from the mtrogen 
excreted m the urme, and that the insensible loss bears a fixed relation to the 
heat production (for details of methods of calculation see (262, 324)) 

With atmosphenc conditions accurately controlled m normal subjects under 
basal conditions, insensible loss is a reasonably accurate measure of heat pro- 
duction Any change of body temperature, since it signifies that heat loss and 
heat production are not equal, introduces an error Exercise — even such shght 
exercise as shivermg — ^may disturb the normal relations between evaporation 
and heat production At temperate or high temperatures the burden of heat 
dissipation imposed by exercise falls entirely upon evaporation (106, 107, 192) 
Sensible perspuation mvahdates the procedure because, when sweatmg begms, 
the proportion of heat lost by evaporation mounts rapidly (106, 460) Moreover, 
water lost from the skm as sweat may escape evaporation Nevertheless, in 
normal subjects, if environmental temperature and humidity and physical 
activities are kept withm such hrnits that sweatmg and shivermg are ehmmated, 
the relation of vaponzation to heat production is remarkably constant (234, 266, 
311) In a senes of studies by Newburgh et al (311) heat production, estimated 
from insensible loss, the carbohydrate of the diet and urinary mtrogen, differed 
by less than 5 per cent from mdirect calonmetnc measurements when averages 
of several 24-hour penods were taken Greater discrepancies were encountered 
m shorter penods of observation (234, 311) 

In febrile diseases the method cannot be used In certam other diseases 
and disorders the proportion of heat lost by vaponzation may be abnormal 
(86, 164, 237, 262, 377) In hyperthyroidism vaponzation appears to be rel- 
atively mcreased, probably because sweatmg is seldom completely abolished 
(86, ^7) In myxedema an unusually small proportion of heat is lost by 
evaporation (164) A number of observers have detected no changes of m- 
sensible perspuation after oral or parenteral administration of moderate (69, 239( 
266, 267) or even considerable (184) amounts of ivater or isotomc salt solution 
Patients with established edema appear to have normal insensible losses (238, 249, 
377) On the other hand, the simultaueous admmistration of excessive amounts 
of water and pituitrm, which greatly mcreases the load of water m the bc«iy, seems 
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to exaggerate vaponxation (184, 280, 339), while aevere dehydration chminrshcs 
it (6, 184, 280, 444) Injection of hypertonic salt solution also decreases it (170) 
Oilman and Barbour (166) reported that insensible losses i ary with the osmotic 
pressure of the body ilmds Although osmotic pressure must mfluonco va 
ponxation the large variations of msensiblo loss noted by Gilman and Barbour 
caimot have been referable directly to changes of osmotic pressure, sinco the 
difference between the vapor pressures of blood and distilled water amounts to 
only about 0,3 per cent of the total vapor pressure of such solutions at body 
temperature. 

Scmible persptralton (swcaltng) When the environmental temperature, 
humidity or heat production rises so high that the necessary amount of 
heat cannot bo eliminated bv the usual processes, the sweat glands 
ate brought into play In the nude resting subject at moderate humidity 
Bweatmg becomes phrceptible at about 31°C , but clothing or even sh^t muscular 
activity will bung it on at 26° to 28° (106, 191, 194, 460) When the temperature 
exceeds about 36° the heat lost by evajiomtion exceeds the heat produced, 
because radiation no longer ehmirmtes heat from, hut contributes it to, the body 
(106, 449) Subjects studied by Adolph and Dill (0, 8) at Boulder City, at a 
mean shade temperature of 36.3°C drank an average of 4000 cc of water daily, 
although they drank only 1400 cc in Boston during the winter Voluntary 
m takes as high ns 13,000 cc of water per day have been recorded During 
exerdse one subject eliminated 1700 cc of water m an hour Respiratory losses 
of water moreaso only ehghtly with tomperature m man, smee humans do not 
augment the respiratory mmuto lolumo appreciably m behalf of temperature 
regulation (0) The dog, lackmg sweat glands, resorts to jianting to eliminate 
excessive quanUtics of heat Smee this mechanism is less efficient than sweat- 
mg, the dog adapts less effectively than man to extremely hot atmospheric 
conditions (101) 

Women have the abOity, not shared by men, to reduce heat production at 
moderately high temperatures, thereby delaymg the onset of sweatmg (193) 
Poisons who are jiartially or totally dohcient of sweat glands are unable to 
prevent tho body temperature from rising m hot climates, especially when they 
exorciso (140, 338) , their Inscnsiblo loss is, however, qmte normal (338) Durmg 
tho Brat few days of sojourn m a hot chmato the quantity of sweat produced m 
response to a given stimulus mcrcascs, while tho stimulus required to initiate 
sweatmg and the interval between stimulus and response dunmlsh (448, 449) 
This IS part of tho process of acohmatixation to tho tropics 

Both insenablo jiersplration and the secretion of sweat apjicar to bo regulated 
by the amount of blood arculatmg m tho skm (194, 449) The controllmg 
factor cannot bo tho temperature of the sidn itself, because this may dimmish as 
a result of evaporation if sweatmg is profuse HTnalow and Oaggo (448) have 
suggestod that sweating may be controlled by tho mtornal (rectal) tomperature, 
which mcrcascs slightly under conditions that promote sweating oven when the 
skin tcmjxiraturc falls A nso of mtemal temperaturo cien without change 
of nmoronmcntal temperature or humidity, will induce sweating 
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Sensible perspiration differs from msensible m canymg with it solutes, among 
them electrolytes, chiefly sodium and chlonde (102, 103, 136, 188, 226, 294, 296, 
306) This marks its ongm from extracellular flmds As the rate of sweatmg 
increases the concentrations of sodium and chlonde nse (102, 188) The ratio 
of chlonde to sodium m sweat is not, as it is m extracellular flmds, about 14 10, 
but approximately 1 1 (102, 295) Sweat is distmctly hypotomc, the average 
concentrations of Na and Cl m the sweat of males bemg only about 30 mM per 
hter, varymg from 10 to 70 mM (102, 295) Some persons habitually lose more 
sodium and chlonde per umt of water than others (102, 296) without relation to 
the concentrations of these ions m their sera (102) Women regularly lose less 
than men do (295) 

As sojourn m a hot chmate is prolonged the salt content of sweat diminishes 
(73, 102, 295) The capacity to adapt m this manner to prolonged or frequent 
exposure to heat vanes from mdividual to mdividual (102, 296) It is relatively 
easy to deplete some persona of salt by repeated sweatmg, others, especially 
women, suffer httle depletion despite strenuous measures (296) There is a 
suggestion m McCance’s (294) experiments that the reduction of salt m 
sweat dunng adaptation to heat may depend upon the development of a certam 
degree of persistent salt depletion, smce it could be prevented by administration 
of abundant quantities of salt Forbes, Dill and Hall (141) noted that the 
average volume of mterstitial flmd of men fell somewhat when they moved to a 
hot chmate, an mdication that theu bodies contamed less sodium and chlonde 
Sweatmg perse tends to withdraw more water than salt fiom the body, but it 
does, m the unacchmatized subject, cause salt depletion If only water is taken 
to replace the lost flmd the concentrations of sodium and chlonde m extracellular 
flmds fall (225, 306) 

Perspiration, msensible and sensible, is attuned to the regulation of tempera- 
ture rather than body water Insensible loss does dimmish shghtly m severe 
dehydration and when the concentrations of sodium and chlonde m extracellular 
flmd nse mordmately Men exposed to high temperatures sweat less when 
depnved of water than when they are allowed to dnnk freely (178) Their 
temperatures consequently nse There is nd evidence that sensible perspiration 
{promoted by dnnkmg unnecessarily large amounts of water (8) 

MeasuremeTit of vjater balances in sweating subjects offers pecuhar diEBculties 
smce welter of vaporization no longer bears its usual relation to heat production 
In a large proportion of conditions, especially when sweatmg is profuse, an error 
m the evaluation of fat burned, which is the factor denved from msensible loss, 
IS of relatively httle significance m the calculation of the water balance Errorb 
that may arise from changes of body temperature are also comparatively small 
Estimation of water balances from balance-s and concentrations m ser”m of 
sodium and chlonde are totally mvahdated by sweatmg 

HEauLATiON OF BODT FLXHDS BY THE KiDNETB Chief responsibflity for main- 
tenance of the volume and composition of the body flmds devolves upon the 
kidneys The elimination of abnormal substances and superfluous amounts of 
normal constituents is no more important than the conservation m proper 
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proporboru of essential oompononts, including ivater There can no longer be 
reasonable doubt that these objects ore aohiered by a combmation of filtration, 
reabsorption and secretion Ingenious methods for tho measurement of these 
three processes in the mtaot animal, ail dependmg upon the clearanco prmciple, 
have been devised, chiefly, by Smith (367) and his associates 
Tho term clearance, ongmally mtroduced by Van Slyko (17), represents tho 
virtual volume of plasma cleared of a given solnte in a standard tune Clearance 


UV 

— m which V is the rate of urmo flow, while U and P represent tho conoen 


tration of the test solute m urme and plasma respectively The clearance of 
any substance that is completely extracted from the blood plasma m its passage 
through tho kidney measures tho flow of plasma through the kidney A sub- 
stance that has the properhea required for measurement of renal plasma flow 
has been found m diodrast (370) Tho clearance of any substance that passes 
the glomerular filter freely, but is neither reabsorbed nor secreted by the tubules, 
ivin equal the rate of glomerular filtration. In ttuiti and most animsln m iibn 
(334, 367), a number of hexitols such as mannitol, sorbitol and duloitol (375), 
and sucrose (368) have the properties required for measurement of filtration 
In the dog creatinine, first proposed for man by Rehborg (332), may also be used 
The difference between the filtration rate and tho rate of excretion of tho fully 
elaborated unne gives the rate of reabsorpUon of water Tho rate of secretion 
or reabsorption of any solute may also be measured by companng its clearance 
■with that of dno of the purely filtrable solutes 
By these methods Smith (368) has estimated that the average renal blood flow 
of an adult male amounts to about 1200 co per mmute, plasma flow about 700 ca 
per mmute. Tho average rate of glomerular filtration is about 130 co per mm- 
ute, the blood plasma losmg more than 16 per cent of its water in its passage 
through the glomerular capillaries Smee the normal rate of urme flow is frem 
0 7 to 1.6 oc per mmute, 99 per cent or more of the water filtered through tho 
glomoruh is ordinarily reabsorbed m tho renal tubules 
In amphibia and other lower forms of Ufo the osmotic pressure of the urme 
never exceeds that of tho blood The tubules of the mammalian kidney, bj 
acquisition of tho loop of Honle and the terminal segments of tho renal tubules 
(883), can reabsorb water against the force of oamotlu pressure, to produce a 
urine with an osmotic pressure far above that of plasma It has been shown by 
direct analysis that in amphibia (419) and m mammals (418), m its passage 
tliroug)i the proximal tubules glomerular fluid loses all its roduomg substances 
and a large proportion of its water and salt, Icavmg a solution with an osmotic 
pressure equal to that of tho blood, but with a greatly altered pattern. Shannon 
(364) has suggested that m tho proximal tubules glucose and other constituents 
with 80 per cent of the filterod water arc withdrawn by a process of obligatory 
reabsorption, m tho loop of Honle and the distal convoluted tubules electrolytes 
and water are further reabsorbed to establish the ultimate concentration and 
reaction of tho urmo by a focultativo process 
In tho mammal tho concontratmg power of tho fcidnoy — in , the power to 
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reabsorb water against osmotic pressure — does not seem to be a smgle function 
limited specifically by osmotic pressure It has been shown by several observers 
(3, 154, 155, 169) that the limitmg osmolar concentration for urea is greater t.lin.Ti 
the hmitmg concentration for sodium chloride and that the addition of either 
one does not limit the concentration of the other Urea and sodium chlonde do 
not compete vuth one another for water On the other hand, the concentrations 
of chlonde, bicarbonate, sodium, potassium, morgamc phosphate, glucose and 
creatinme seem to be limited by the aggregate osmolar concentrations of these 
constituents, which do, therefore, compete with one another for water (154, 155) 
The excretion of water, then, depends not only upon the quantity, but also upon 
the nature of the solutes requmng elmunation 
Urea is always more concentrated m unne than m plasma, its clearance at 
mean rates of urme flow bemg about one-half as great as that of mulm In 
profuse diuresis the clearance rises shghtly, m extreme ohguna it falls, the con- 
centration ratio ^ approachmg an asymptote Smce the capacity of the 

kidney to reabsorb urea is limited, the quantity of water preempted by urea for 
the urme is determmed by the quantity of urea filtered which, m turn, must 
depend upon the rate of protem catabolism The diuretic effect of urea does 
not begm only after maximal concentrations have been reached, water and urea 
are proportioned to one another at all rates of excretion of urea (154, 165) In 
studies of water deprivation by Winkler, Danowski, Elkmton and Peters (442), 
the excretion of water by dogs and men varied directly with protem catabolism, 
although unnary concentrations of mtrogen never reached maximal values 
Nevertheless, as water becomes more precious less and less is yielded for each 
mcrement of urea up to the lumtmg concentration Urea clearances fall, ac- 
countmg for the nonprotem mtrogen retention of dehydration As the quanti- 
ties of urea req;uinng excretion dimmish the volume of urme does not fall pro- 
portionally because the influence of other solutes persists For this reason it is 
impossible to obtam urme of maximal concentration from subjects with low 
protem catabohsm by restnction of water (304) 

Always more water than urea is absorbed, but sodium, chlonde and water can 
be reabsorbed m the most variable proportions m a manner that seems, on the 
whole, contnved to preseiv^e the volume and electrolyte patterns of the body 
fluids From experiments of Walker, Bott et al (418) 80 per cent of Uie water 
and about 60 per cent of the chlonde of glomerular filtrate appear to be reab- 
sorbed m the proximal tubules, m the loop of Henie further salt is withdrawn, 
the final abstraction of water is accomplished m the distal convoluted tubules 
Shannon (355) has suggested that the dilute urme of diabetes insipidus may be 
r^arded as filtrate which has been subjected to all these processes except this 
final abstraction of water If a large amount of salt remains unabsorbed the 
power to reabsorb water is hmited accordmgly, but water may be excreted with 
little or no salt if the termmal concentratmg process is inhibited 

If large amounts of water are given without salt the resultmg aqueous diuresis 
may carry with it from the body a certam amount of sodium and chlonde (87, 
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388) , but oblonde exorebon may even diintnieh sbgbtly after moderate amounts 
of water (111) Smce mgesbon of water tends to lower the concontrabon of salt 
m serum and m glomertdar filtrate salt should be more completely reabsorbed 
unless suflScirait water ^vo^e given to mcrease glomerular filtrabon (363) 

If salt 18 eliminated from the diet or if the salt content of the extracellular 
fluids Is depleted by sweabng or vomibng, unnaiy chlondo excretion promptly 
diminishes to tho vamshmg pomt A given quanbty of water is excreted more 
slowly by an animal or man who has been depleted of salt than by a normal 
animal or man (296, 430) This delay in excretion may arise from severai 
factors 1, circulatory depression that regularly attends salt deplebon (310), 
2, diminished glomerular filtrabon that may depend upon the circulatory de- 
pression (290, 439) , 3, relative or absolute teduobon of the volume of the extra 
cellular flmds The last results from the general tendency not to ratam water 
without a proporbonal amount of salt and the transfer of water from the extra 
cellular fluids to the oelis because of tho reduced oemobo pressure of the former 

Excessive amounts of salt or hypertomo salt solution provoke diuresis that may 
iead to dehydration (240, 444) As the concentrabons of sodium and chloride 
m the scrum nse, not only does tho excrebon of salt increase, but also its reab- 
sorpbon, albeit to a lesser degree The concentrabons of sodium and chloride 
m the serum consequently remam elevated or even mcrease (120, 100, 444, 466) 
This rotenbon of salt has a double advantage. Displacement of salt from the 
unno permits other substances that compete with salt to bo excreted with greater 
economy of water At tho same time the accumulation of sodium and chloride 
m the body, by raising the osmotic pressure of the extracellular fluids, withdraws 
water from tho cells, which thereby share m the dehydration which would other 
wise bo borne entirely by the extracellular flmds 

This reacbon is observed not only after excessive doses of sodium chloride, but 
in most states of dehydration that do not originate from primary salt depletion 
When either dogs (119) or men (442) are depru-ed of water, as dchydraUon be- 
comes advanced, sodium and chloride m tho unno fall to a minimum, while their 
concentrations m the serum nse If urea is given with largo quanbtles of water 
enough sodium chlondo may bo washed out in tho diuresis to lower the conocn 
tration of serum chlonde (276) If dehydrabon is reduced by grvreg urea with 
inadequate amounts of water, the concentrations of sodium and chlondo in the 
serum rise (120) When largo quantities of sodium sulfate are injected into dogs 
chloride mounts rapidly (361) Addition of sodium chlondo to tho sodium sul 
fato does not increase chlondo excretion, but only accelerates tho elmireabon of 
the sulfate, raising the concentrations of sodium and chlorido m tho scrum stili 
further Inorganic phosphate tends m tho same manner to displace chloride 
from tho unno (304, 446) 

Potassium is cluninatod at a somewhat faster rate than sodium and, instead of 
suppressing tho excretion of tho latter, causes a transitory sodium diuresis 
(361, 440) Tho reason for this may bo that a largo proportion of any surplus 
potassium is immediately taken up by cells, leaving its associated ion to combmo 
with sodium re tho c.xtraccllular fluids 
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Glucose A\Iiich escapes reabsorption m the tubules requires for its excretion 
the same amount of water required by an osmotically eqmvalent quantity of 
salt (154, 155) It does not, however, tend to displace sodium and chlonde 
from the urme On the contrary it accelerates then excretion to such an extent 
that it may deplete the body flmds of salt (15, 196, 247) Glycosuna is, there- 
fore, pecuharly dehydratmg 

The final concentration of the urme depends upon the quantities m the 
glomerular fiiltrate of two groups of components which can be concentrated m- 
dependently Maximal economy of water can be attained only if the two are 
excreted m optunal proportions One of these, of which urea is representative, 
can be reabsorbed to a limited extent, but is always more concentrated m urme 
than in blood plasma The quantity of water which it withdraws is, therefore, 
detennmed almost entirely by its concentration m the body flmds and the rate 
of glomerular filtration , it can be httle influenced by tubular activity The other 
group IS composed of a large number of solutes which resist the reabsorption of 
water m proportion to their aggregate osmolar concentration The only repre- 
sentatives that usually appear m large enough quantities to have an important 
efifect upon the reabsorption of water are the morgamc ions of which sodium and 
chlonde form the bulk The efifect of these two on the volume and concentration 
of urme IS not obhgatory hke that of urea, because they can be reabsorbed almost 
completely even when then concentrations m blood plasma are abnormally high 
They yield their places m the urme when there is need for conservation of water, 
either because there is a direct deficiency of this commodity or because it is 
needed for the ehmmation of other substances This permits these other sub- 
stances to be excreted more rapidly and with greater immediate economy of 
water It also provides extra water for their excretion by extractmg it from the 
cells Concentration, therefore, is not equally affected by all solutes, nor can it 
be regarded entirely from the standpoint of the ultimate composition of the 
urme, it must be mewed also m relation to the mtemal environment 

Species differ m their abihty to reabsorb water from the remd tubules agamst 
the osmotic pressure of solutes In this respect the kidney of the dog is far more 
efficient than that of man (208) 

Nshvous CONTROL OF URINE FORMATION Marshall and KoUs (286, 287) 
demonstrated that mjection of adrenalm and stimulation of the splanchmc 
nerves caused ohguna, while section of the splanchmc nerves and denervation 
of the kidneys mduced diuresis The effects of splanchnotomy were neutrahzed 
by partial occlusion of the renal artery (288) When Richards and Plant (335, 
336) mamtamed a constant flow of blood through the kidney, adrenalin and 
splanchmc stunulation had a diuretic effect The nerves of the kidney, there- 
fore, appear to exert their pnncipal action upon the renal circulation The 
negative results of Rhoads, Van Slyke et al (333) must be discounted because the 
animals used had been subjected to unilateral nephrectomy From mvestiga- 
taons of the action of adrenalm, theophylhne, artificial fever and spmal anesthesia 
on renal function of normal men (63, 369, 370, 371) by clearance techmques. 
Smith (369) concluded that filtration is regulated almost entuely by reactions 
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of the efferent artenoles By thie mrangement filtration could bo kept relatively 
constant in the face of changes of blood flow and blood pressure, reduction of 
blood flow by constnotion of the efferrait artery would be compenaated automati 
oally by an increase of filtration pressure From a re-ovaluation of Smith’s data 
and calculations, Lamport (266, 267) baa concluded that glomerular filtration is 
cmitrollcd by activity of both afferent and efferent artenes, which seems more m 
keepmg with other observations m the literature. 

Adrenalin and splanchnic stimulation do not affect the excretion of all solutes 
equally and therefore presumably affect reabsorption as well as filtration (286, 
287) The completely isolated kidney excretes a urme m which all the com 
ponents are extremely diluted (27, 28, 383) Its loss of concentratmg power is 
chiefly referable, not to lack of nervous control, but to absence of the posterior 
pltmtary hormone (27, 383, 414) The renal nerves may, however, bo imphcated 
m the action of this hormone Bayliss and Fee (27) found that the polyurm 
charaoteriatio of the isolated heart-lung kidney preparation did not develop, if 
the kidney was perfused in sUu with a heart lung preparation from another 
animal, until the nerves to the kidney had been out Postenor pitmtary prep- 
aiabons do not check, but may even provoke, diuresis m animals anesthetiied 
by ether, urethane and a number of other drugs (9, 62, 80, 306) Bayliss rmd 
Brown (26) found that ether anesthesia did not affect an explanted kidney, 
though it inhibited in a normal kidnoy polyuna Induced by decorebration or 
hypophyseotomy Anesthetics, therefore, appear to prevent variations m the 
concentration of the urine by aetmg through the nerves of tho kidney (214) 
The ohguria mduced by emotional disturbances must probably be ascribed to 
postenor pitmtary, not nervous, activity amce it cannot be abobsbed by denorva 
tion of tho kidneys and elimination of adrenal medullary nctiidty (346) 

The AcnoN or eni>oorine glands The hypophysis It was long recogmted 
that diabetes insipidus could bo produced less consistently by removal of tho 
hypophysis (243) than by injury to adjacent portions of the bram (18, 46, 84, 
243) Nevertheless, whatever its ongm, tho polyuna could bo abolished by 
injection of extracts of the postenor lobe of tho pituitary gland (60, 67, 307, 
339, 426, 426) This paradox has been explained by two discovencs first, that 
the diuretic effect of remov'sl of tho postenor lobe of tho hypophysis depends 
upon the preservation of some antenor lobe substance (392) , secondly, that tho 
seorotory activity of tho postenor lobe is controlled by tho supraoptic nuclei in 
tho hypothalamus (137, 230, 231, 278) Destruction of these nuclei or the tracts 
that oormect them with the posterior lobe of tho pitmtarj causes diabetes in 
mpidus by inhibitmg tho secretory activity of this lobe 
The antidinretic activity of the postenor lobe appears to reside m or with the 
pressor prmciple, pitressm (224, 339) According to Fraser (144) tho oxytocic 
prmciplo has a diuretic action m tho rat. Heller (214) has succeeded m freemg 
the antidiuretic factor of pressor activity Because diabetes insipidus dot clops 
only if there is some active antenor lobe tissue, it has been suggested that this 
lobe produces a diuretic hormone (22, 36, 433) The postenor pituitary carmot 
be merely an mhlbitor of tho antenor lobe smeo it acta upon the isolated kidney 
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BiMotti (36) believes the diuretic principle of the antenor lobe is identical -with 
the thyrotropic principle Schweizer, Gaunt et al (362) attnbute the absence 
of polsTina after hypophysectomy to the failure of pituitaryless animals to eat 
Wmter, Sattler and Ingram (466) have shoivn that experimental diabetes insi- 
pidus of animals is minimized or abolished by starvation Schweizer and her 
associates found that at the cessation of the mitial self-tenmnative polyuna that 
followed hypophysectomy the experimental a nim als ate almost no food and lost 
weight When they were given antenor lobe extracts appetite and pol}Tina 
returned simultaneously 

Although the postenor pitmtanes of all vertebrates, mcludmg birds, amphibi- 
ans, and teleost and elasmobranch fishes, possess antidiuretic prmciples (214), 
only the mammalian kidney reacts to these (54, 214) For this reason it has 
been mferred that it promotes reabsorption of water m the loop of Henle and 
the termmal segments of the renal tubules, which first appear m mammals In 
frogs postenor pitmtary extracts have effects of a different nature (46, 47, 214) 
The antidiuretic prmciple does not mterfere ivith absorption of flmd from the 
gut nor its distnbution m the body (216, 360) Insensible loss mcreases when 
pitmtrm is given together with large amounts of flmd, but this probably denves 
from the overhydration rather than the effects of pitmtrm per se (216, 280) 

The primary defect m diabetes msipidus appears to be polyuna, not polydipsia, 
smce m this condition thirst is abolished by nephrectomy (389, 390) and smce 
water depnvation causes dehydration (138, 366) In hypophysectomized dogs 
(434) and patients with unti-eated diabetes insipidus (441) greatly reduced 
diodrast clearances have been reported These Wmer (441) attnbutes to dis- 
turbance of the secretory activity of the tubular cells rather than dunmution of 
renal blood flow Glomerular filtration is not altered m diabetes insipidus 
(69, 327, 365, 434) The transitory reductions of renal blood flow (189, 434) 
and glomerular filtration (434) immediately after mjections of pitmtrm are 
probably referable to vasopressor action of this extract Its antidiuretic action 
persists after blood flow and filtration have agam become normal (26, 356, 434) 
The most characteristic disorder of diabetes msipidus, experimental or spontane- 
ous, IS a defect m the tubular reabsorption of water that leads to the passage of 
large amounts of extremely dilute urme (54, 189, 326, 358) The dehydration 
18 constantly combatted by mgestion of large quantities of water Smce both 
dr inkin g and urmation are mtermittent functions the concentrations of solutes 
m the blood plasma are unusually vanable After administration of water the 
conductivity of the serum falls as it does m normals (136) After complete with- 
drawal of flmd (355) or administration of salt (70, 196, 355) serum sodium and 
chlonde rise more rapidly than usual This has given nse to the opmion that 
failure to reabsorb water is attended by excessive reabsorption of salt The 
responses of the animal with diabetes msipidus to administration or deprivation 
of water are qualitatively similar to those of a normal ammal, but are exaggerated 
by the extreme compulsion The ani mal is m a contmuous state of mild v ater 
depletion because dnnkmg tends to fall somewhat behmd urmation At the 
onset of experimental diabetes msipidus considerable sodium and chlonde are 
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excreted before equilibnum is established (464) Althc mgh the concentrations 
of sodium and chloride in the serum nse quite early if water is completely with 
drawn, some salt is lost m the urme by the oontminng diuresis (355) Urea 
clearances are hi^ m proportion to creatinme clearances in diabetes insipidus 
just as they are when the rate of unno formatioE is greatly accelerated by the 
admimstration of water (69, 233, 327) When the water intake is limited the 
volume of unne does not fall with the usual rapidity nor does its concentration 
nse to the usual extent (365) Dehydration acquires a greater mtenaity earher 
After only 24 hours of water deprivation a dog with diabetes insipidus, studied 
by Shannon (366), had lost about 40 per cent of its body water and its serum 
sodium had risen from 146 3 to 176 5 mh4 per hter, a degree of ddiydration that 
it would have required several days to produce m a normal dog The polyuna 
of diabetes insipidus is exaggerated by sodium ohionde, but the concentrations 
of sodium and chloride in the urine do not nse so hj^, while those in serum 
nse hi^er than usual (70, 264, 365) Chu, Lin and Yu (70) found that the 
administration of salt mcrcased the excretion of potassium and nitrogen, a re> 
sponso noted by ^Yinklor, Elkmton et al (444) when the concentrations of 
sodium and ohionde m the extracellular Omds rose excessively Hare, Hare and 
PhiUips (190) ha\e shown that the ratio, concentration of chlondo m reabsorbed 
fluid concentration of chlonde m serum, does not fall after admimstration of 
hypertomo salt solution m diabetes insipidus os it normally docs This docs not 
mean that sodium and chlondo arc more completely reabsorbed, but that the 
salt that IS not reabsorbed demands moro water for its excretion 
The degree of polyuna also vanes directly ns the nitrogen excretion (463), the 
kidneys in diabetes insipidus can conoentrato urea no better than they can salt 
When the polyuna Is checked by starvation the epeafio gra\it> of the urme 
remains low The relative oliguna can bo altnbutcd to reduction of the solutes 
requiring excretion The concentration of urme will nse but not to the normal 
degree imdcr the influence of extreme dcbj-dration (856) 

"When acti\o postonor pituitary extracts aro given to animals or persons with 
diabetes insipidus the fIo\N of urmo falls sharplj, while its concentration rises, 
the excretion of sodium and chlonde diminishes (204 303, 420, 454) and the urea 
clearance falls (69, 233, 327, 366) Equihbnura is, howe\ er, established after 
a short mterval (464) AVhen pituitrm is given to a normally hj^lratod or a 
dehydrated ommal the rate of urine formation is not appreciably altered (9, 
62, 88, 307, 326, 339) When it is given with a dose of water the diuresis which 
would ordinarily result is abated or suppressed Tlio effect of a gi\Tn dose of 
pituitrm is inversely proportional to the amount of water that is given (326) 
It is doubtful whether the nntidiurctic hormone actually accelerates the excretion 
of salt as some claim (368, 303, 408, 454), it docs seem to check the excretion of 
water without oltcrmg the rote of chmination of sodium and chloride (88, 339) 
It therefore exaggerates the homodilution that normnllv follows the mgestion 
of water (9, 62, 339, 3G0) Its ontidmrelic action vanes directly os the amount 
of water and inversely as the amount of salt given (9, 62, SO 298, 307) Melville 
(301) claims that postenor pltmtary preparations ha\'e a positive diuretic effect 
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on animals which have been loaded with salt When, however, Adolph and 
Encson (9) gave pituitnn with varymg amounts of water, but a constant dose 
o!f salt, the volume of urme excreted was always the same Enough water was 
ehmmated m eveiy instance to permit excretion of the salt m less than mayimul 
concentration, the remamder was reabsorbed under the influence of the pitmtrin 

Gilman and Goodman (168) demonstrated m the urme of dehydrated rats 
material resemblmg the antidiuretic pnnciple of the postenor lobe They sug- 
gested that secretory activity of the postenor pitmtary is automatically regulated 
m confonmty with the water content of the animal Although this observation 
was abundantly confirmed (186, 213, 231, 417), antidiuretic matenal was not 
found m the urme of other mammals and the identity of the matenal m rat urme 
with postenor pituitary hormone was challenged (186, 417) The demonstration 
of antidiuretic activity m the urme of dehydrated dogs (195) and cats (231), its 
absence from the urme of dogs (195) and cats (231) with diabetes insipidus, md 
its presence m the urme of animals that have received mjections of postenor 
pitmtaiy extracts (215, 231, 236) have vmdicated Gilman and Goodman’s theory 

The sieprureml glaiids Adrenahn, accordmg to Ehltreider et al (241) reduces 
the volume of the plasma, but mcreases the volume of cells m the blood of mtact 
an i mals Large doses dimmish the blood flow through the kidneys and urme 
excretion (286, 287, 407) Small doses mduce diuresis (337, 407), presumably 
by constnction of the efferent artenoles Smith (63, 368), because adrenahn 
reduced renal blood flow and urme formation without altermg glomerular filtra- 
tion, concluded that its action is always confined to constnction of the efferent 
artenoles If this inference, which has been challenged by Lamport (256, 257), 
is correct, the oliguna after large doses must result from excessive tubular reab- 
sorption of ivater 

As early as 1927 Baumann reported that the sodium and chlonde m the serum 
of animals dmunished after suprarcnalectomy (25) and that the hves of such 
animals could be prolonged by mjections of sodium salts (284) Loeb (271, 272) 
showed that the sodium of the serum of adrenalectoimzed animals and patients 
with Addison’s disease was regularly low and that the symptoms of adrenal cortical 
insufl[iciency could be reheved or prevented for considerable penods by adminis- 
tration of large amounts of sodium chlonde or sodium bicarbonate Removal of 
the adrenals is succeeded by a diuresis m which more sodium than water is sacn- 
ficed (201, 272) Swmgle and associates (393) first called attention to hemo- 
concentration Fluid escapes from the blood stream, not only through the kid- 
neys, but also through the capillary walls This transudation precedes the 
obvious symptoms and signs of circulatory collapse that charactenze the fully 
developed syndrome of cortical failure (201, 393) This transudation must bo 
due to circulatoiy failure For this the sodium deficit cannot be entirely respon- 
sible because cortical extracts will alle\aate symptoms and signs of adrenal m- 
sufficiency before any reversal of the electrolyte disturbance or even the dis- 
position of flmd m the body can be detected Adrenalectomized dog" are 
pecuharly susceptible to water mtoxication (393) Patients m the crises of 
Addison's disease will develop edema if they are given parenteral fluids mthout 
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cortical extract (320) Reduction of the concentration of aodium in the extra 
cellular fluid causes the cells to imbibe water (309) Retention of potassium, 
which accumulates m the cells, should aggravate this tendency , but Harrison and 
Darrow (198) could detect no mcreases of cellular water m behalf of potassium 
suggesting that this element b retamed m an oemotically mactlvo form 

The chief effect of adrenalectomy upon the kidney is to dimmish the reabsorp- 
tion of sodium Cblonde of serum usually falls proportionately, but m some 
cases of Addison’s disease bicarbonate suffers instead (320) In the initial 
diuresis which nnmedmtely foUoas adrenalectomy more salt than water is lost. 
The excretion of water may sigmfy that the general tendency to maintam the 
electrolyte osmotic pressure of the body fluids is not altogether abrogated The 
abihty to reabsorb sodium is only Impaired, not abolished Willson and Sunder 
man (440) found that the concentrationB of sodium and chloride m tho urme of 
a patient with Addison’s disease did not mcrease to the usual degree after rostnc 
tlon of fluid. Instead the sodium and ohlonde of the serum rose and the patient 
became ddiydrated In advanced renal insufficiency with cinnilatoty failure 
glomerular filtration dimmidies and blood urea rises (396) Ultimately there 
may be complete anuna 

A dminis tration of corbcal extracts completely reverses tho disorders of adrenal 
insnffioienoy With free access to food, water and salt, serum electrolytes, body 
fluids, renal function and circulation become qmte normal Sodium is retamed 
while potassnnn is excreted If insuffiaent salt and water ore given some body 
water la sacrificed with tho potassium to restore the concentration of sodium in 
tho extracellular fluids (200) Water diuresis may, therefore, attend both tlie 
onset and the termination of adrenal insuffiaency 

Adrenal cortical extracts and corticosterone have httle effect on the metabolism 
of water and electrolytes m normal animals (130, 202, 203, 403 404) Acute 
retention of sodium after large doeoa of extract has been reported (202, 203, 404) , 
but not sustamed hypematronemia. Conditions may be devised in which the 
effect of cortical extract would be evident, just as the antidiurobo action of tho 
postenor pitmtaiy extract is evident only after tho administration of water 
The protective acUon of cortical extract against water intoxication (169, 393) 
may represent such a sot up 

Desoxycorticostorono has proved a valuable therapeutic substitute for tbe 
adrenal cortical hormone m the treatment of Addison’s disease, althou^ its ac- 
tion 13 confined almost entirely to the restraint of sodium wnstago (380, 402, 405) 
It also has distinct effects on normal animals and, in largo doses, has deleterious 
effects on adrenalectomixedammals and patients with Addison’s disease. Ferre 
bee ot al (129) reported that excessivo doses of dcsoxycorticosterono acetate, 
when given to adrenalectomircd dogs or patients xnth Addison’s disease, pro- 
voked retention of salt, sometimes sufficient to cause edema, together with hy 
pcrtcnsion and signs and symptoms of congestiiio heart failuro These disorders 
do not arise only from augmented tubular rcabsorption of sodium, but also from 
wnstago of potassium which leads to degeneration of the heart muscio (02, 93) 
Thgy are aggravated by low potassium diets and can bo mitigated or prevented 
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by administration of extra potassium (130, 329) In normal animals desoi^- 
corticosterone provokes profuse diuresis with dilute urme (329) 

If it be assumed that the action of desoxycorticosterone on the kidney is identi- 
cal with that of the natural cortical hormone, all the phenomena that have been 
descnbed could be explained on the hypothesis that the adrenal cortical hormone 
promotes reabsorption of sodium, while the postenor pitmtary hormone promotes 
reabsorption of water It is not necessary to suppose that the actions of these 
two hormones are antithetical Smce thirst is the natural response to accumula- 
tion of salt m the body, polydyspia should follow reabsorption of salt under the 
mfluence of desoxycorticosterone In rats (329) and in dogs (308) polyima 
could not be mduced with desoxycorticosterone unless salt was given The 
polyuna was preceded by an appreciable mterval m which dogs retamed water 
and gamed weight (308) There was concomitant hemoddution (72, 308) The 
concentration of sodium m the serum rose (128, 308, 329), while its concentration 
m the urme fell (76, 308) Reduction of the urme volume by pitmtrm did not 
cause the urinary concentration of chlonde to rise as much as it does m true 
diabetes msipidus (308, 329) When dogs tmder the mfluence of desoxycorti- 
costerone were depnved of water the polyuna subsided rapidly vuthout the same 
degree of dehydration usually encountered m diabetes insipidus (308, 329) 
Cats with diabetes insipidus did not survive adrenalectomy as long as normal 
cats did (451, 452, 464) The negative sodium balance of adrenalectomy was 
not modified by diabetes insipidus, but serum sodium did not fall m cats with 
diabetes insipidus as it did m normal cats after removal of the suprarenal glands 
(454) 

The thyroid gland Because it accelerates metabohsm the thyroid hormone 
mcreases water of oxidation and losses of water through the skm and lungs 
The ratio of water lost by vaponzation to heat production is abnormally large m 
hyperthyroidism (86, 237) In part, at least, this is referable to overactivity 
of the sweat glands, which may be diminished or prevented by atropme (237) 
In myxedema the proportion of heat ehxmnated by vaponzation is unusually 
small (164) 

In 1878 Ord (313) noticed the presence of a gelatmous flmd m the tissues of a 
patient who died of myxedema Boothby and associates (43) estimated that 
this pecuhar edema flmd, which disappears when thyroid preparations are given, 
contains about 2 per cent of protem With its dehvery sodium is lost, with only 
minimal quantities of potassium, mdicatmg that the flmd and protem are de- 
posited m the extracellular compartment (58) Elevated serum protem (98) 
and reduced blood volume (162, 397), which have been reported m myxedema, 
are logical consequences of the accumulation of protem m the mterstitial spaces 
In hyperthyroidism the circulating blood volume tends to be abnormally large 
(42, 162) 

Claiins that the thyroid hormone has a specific diuretic action (124) have not 
been substantiated Mahoney and Sheehan (279) found that the pol 3 mna 
produced m dogs by section of the hypophyseal stalk was inhibited by thjrroidec- 
tomy and restored bv thyroid therapj After hypophysectomy diabetes m- 
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BipiduB eon bo induced by extracts of either the thyroid or the antenor lobe of the 
pituitary gland (240, 433), suggesting that the antenor lobe acts through the 
thyrotropic prmcipla (36, 246) Ingrain and Fisher (229) could not diminish the 
diabetes insipidus of oats by thyroideotomy, and White (432) ivns unable to 
mduce diuresis m hypophyseotomired rata with either anterior lobe or combma 
tion of anterior lobe and thyroid Swann and Johnson (391) diminished, but 
did not abolish, the polyuna of posthypophysectomiied rats bj thyroideotomy 
unless the animals were given salt This suggests that removal of the thyroid 
liko removal of the antenor lobe of the hypophysis, alleviatea the polyuna of 
diabetes insipidus only by diminishmg the solutes reqmnng excretion In man 
Cutler (41, 85) has reported some improvement of diabetes insipidus after thy 
rmdeotomy, Findlay (134) has reported none, while Jon5a (236) claims beneficial 
effects from thjirotropio hormone 

The eexuol hormonee Thom and his associates claim that a large number of 
the steroid sexual hormones promote retention of sodium and water, but the mg 
mficance of some of the changes reported is doubtful (400) In the case of a 
castrate male there was mmultaneous retention of mtrogen, potasmum and 
phosphorus (400) Scharpey-Schafer and Schnre (367) were unable to alter 
the urmo volume of subjects with estradiol The mcidenco of menstrual edema 
in some women can be neither denied nor explamed (16) There is suggestive 
evidence that progesterone may have an action resembhng that of corticosterone 
(123, 401) The stnlong retention of fimd that accompanies tumefaction of the 
accessory sex organs of certain old world monkeys (264) is not relevant to hu 
mans This fluid has the charaotenstics of extracellular flmd (71) 

Pregnaney Measurements of blood volume in pregnancy have, on the whole, 
yielded high values (99, 244, 340 399), the chief exceptions bemg data of Schoen 
hols (360) by the carbon monoxide method Thomson, Hershcimor ct al (399), 
usmg the dye T-1824, found that the plasma volume rose progressively from early 
pregnancy to reach the astonlshmg figure of 06 per cent above normal at the end 
of the nmth month It then doclmod slowly to about 60 jxjr cent above normal 
just before term and descended rapidly to normal m the fiist two weeks after 
dehvery The volume of circulating blood cells rose to a lesser degree Others 
have reported smaller expansions These moreasos are far out of proportion to 
the comparativ cly small rises of oxygen consumption and blood flow Artenal 
blood pressure remains unchanged, venous blood pressure, except in the lower 
oxtiermtica, is not regularly elevated (66), disturbances of circulatory dynamics 
that might bo anticipated from such a largo addition to the circulation have not 
been discovered One is forced to wonder whether, for technical reasons, the 
dyo method docs not give excessive values 

By moans of thiocyanate Chesloy (64) found that the extracellular flmd m 
creased durmg normal pregnancy by an average of about 6 kgm of which 1,6 
kgm could bo accounted for by the uterus, membranes and fetus, an equal 
amount by expansion of the blood stream, leavmg about 2 kgm as general cn 
largement of mtorstitial fluid About 1700 ca of water wore lost durmg delivery 
and about 2000 cc. in the first G days of the puerpenum (05) Froybcrg, Rccho 
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and Folsome (148) by metabolic measurements detected no mcrease of water 
during the last two months of pregnancy that could not be attributed to ac- 
cessions of tissue The problem is further confused by the extreme vanab±ty 
of the water retamed by different mdividuals Of 67 subjects studied by 
Chesley (64) over reasonably long mtervails 6 gamed from 0 to 50 ml of water 
per week, 14 gamed over 200 Of another group about 17 per cent lost, rather 
than gamed, extracellular water durmg late pregnancy Analyses of muscles 
of dogs (66) and of various tissues of gumea pigs (222) have revealed no evidences 
of abnormal quantities or distnbution of water durmg pregnancy or after de- 
hvery 

The effects of met, water and salts StancUton is regularly attended bj' 
loss of a certam amount of water (33, 167, 442), part of which represents cellular 
water m which were dissolved protem and glycogen that are consumed (157, 442) 
Additional mtraceUular water and a larger quantity of extracellular water, with 
then salts, are also sacrificed This Gamble, Ross and Tisdall (157) ascnbed 
to the effects of starvation acidosis This may play a part, especially m children 
who are peculiarly susceptible to ketosis, but m male adults Winkler, Danowski 
et al (442) were unable to prevent the diuresis by 100 grams of carbohydrate 
daily, enough to minimize ketosis Administration of water or salt solution does 
not prevent the mitial dehydration (442) After 2 to 4 days an equihbnum is 
reached, after which water is lost m proportion to the tissue consumed (157) 

Malnvintion (protein starvation) The ongm of famme edema from protein 
deficiency was suggested (251, 292) before it was proved by experiment (149, 
252) edema results from reduction of serum albumin (60, 51, 423) It 

has been produced by low protem diets (149, 423) Serum albumin deficits have 
been observed m patients with a great vanety of diseases and disorders accom- 
pamed by malnutrition (60, ^1, 322) Transudation and depletion of serum 
albumm begm together at the very onset of protem starvation (122, 423), but 
edema at first is masked by loss of tissue, albumm deficiency by contraction of 
plasma volume As much as 6 to 6 kgm of flmd can accumulate m the mterstitial 
spaces of an imtially well developed adult male before edema is demonstrable by 
ordinary chmcal methods (320) If an mdividual has some other disorder con- 
ducive to edema the effect of hsqioalbummemia is exaggerated In cardiac 
disease edema ivUl appear or persist with a lesser degree of decompensation m 
malnourished patients with shght serum albumm deficits (316) The appearance 
of ascites and dependent edema m cirrhosis of the liver usually sigmfies that there 
IS an associated hypoalbummemia (67, 322) 

Excesses of water After moderately large volumes of water (1 to 1 6 hters) 
diuresis does not begm until absorption is far advanced and long after there has 
been detectable reduction of the sodium and chlonde concentrations m the 
serum, it reaches its peak only after absorption is completed (360, 361) The 
diuretic response, presumably effected by inhibition of posterior pitmtary ac- 
tivity, IS probably ehcited by expansion of blood volume The imtial fall of 
plasma electrol 3 rtes does not signify dilution, but the passage of salt mto the 
ahmentary canal It may even comcide with contraction of the extracellular 
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fluid becauBO tho loss of salt will cause cells to take up water The oxoretion of 
sm all or moderate mcremcnts of water Is accomplished by reduction of reabsorp- 
tion alone, large amounta mcrease ^omenilar filtration, probably because they 
swell the blood volume and raise glomerular capillary pressure (354, 366) Forci- 
ble administration of extremely large quantities of water provokes tone symp- 
toms, oulmmatmg m convulsions, collapse and death. These are referable 
not to the expansion of body fluids, but to the reduction of deotrolyte osmotic 
pressure and consequent swelling of tissue cells They can bo allayed by 
hypertonic salme m spite of tho fact that this further swells tho body flmds (IflO 
344) On the other hand, concentrated urea solutions are of no benefit because 
tho urea diflfuses freely across the cell membranes and therefore does not correct 
the maldistnbubon of water (100) 

tPaterdeprwaliOTU When animals are depnved of water msensible perspiration 
diminishes as dehydration becomes extreme (37, 91, 131, 442) Urmo volume 
diminishes rapidly, presumably under the influence of tho poetenor pituitary 
hormone, until only enoufdi is vmded to eliminate m less then msTunnl concen 
trabon the solutes requmng excrebon It is greatly influenced by the rate of 
protem metabolism (442) Consorvabon of water is aocomphshed by augmented 

reabsorpbon until the urme volume has reached a minimum and its enneentrabon 
has become maximal, when glomerular filbatiou falls, probably because the re- 
duobon of Wood volume and the mspiasabon of the blood lower the glomerular 
capillary pressure and raise tho ooUoid osmobc pressure of the plasma (363) 
The Wood urea nsos. As ddiydrabon advances water is lost out of proportion 
to sodium and cWonde -which are preferentially absorbed Besides ■water is lost 
m the insonsiblo porepuabon without salt, leaving only a fraction of tho water 
to carry mto the urme the salt which it held in the body Tho concentrabons of 
sodium and cWonde m the extracellular fluids nse and, by increasing the osmobc 
pressure, draw water from the cells The ceUs also yield a cortam amount of 
potassium which permits tho escape of further cellular -water (37, 110, 120) 
Moderate dehydration is pompatible with physical acbvity although tho latter, 
by accelerating extrarenal dissipation of -water, aggravates tho dehydration 
Physical efficiency becomes impaired as dehydration progresses and loss of 10 
per cent of tho body water is totally disabling to men (442) In dogs death oc 
cure, apparently from respiratory failure, when 26 per cent of the body -water has 
been lost (91) Because it can concentrate urme more efficiently than man the 
dog can subsist on a high protein diet with less water The dog can subsiat upon 
a diet of fish with no more -water than can be obtained from the fish, man on a 
similar diet is foroed to expend some of his own body water for the cxcrabon of 
the mtrogen derived from the fish (442) 

Sodium defiamey It is impossible by mere dietaiyrestnobon of salt seriously 
to deplete an animal of sodium, because the urinary output of sodium and 
cWonde falla so rapidly Greenberg and Cuthbertson (176) found that rata 
could maintain chlonde cquihbrium, and even store cWonde, on as httlc as one 
mffiigmm per day The effect of wlthdrawmg sodium by oxcessivo sweating, 
vomiting, diarrhea, etc without replacing it, depends upon tho amounts of water 
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simultaneously lost and the amounts taken to replace these losses When Dar- 
row et al (95, 348) removed salt without water from the bodies of dogs by m- 
jectmg glucose solutions mtrapentoneally and subsequently withdrawing the 
flmd, the concentrations of sodium and chloride m the e-sdracellular fluids fell 
and the volume of these fluids dimmished because the cells swelled In such 
acute experiments there is no immediate effort of the kidneys to restore the 
composition of the bod}”' flmds A state resemblmg shock (348) ensues with 
almost complete anuna This may arise from reduction of the blood volume 
(300) associated with circulatory failure The animals evmce little thirst (95, 
165) If they are allowed access to water and are given salt-poor diets the 
sodium and chloride concentrations and the volume of the extracellular flmds 
remain low The kidneys will not preserve electrolyte osmotic pressure to the 
total neglect of the volume of the extracellular fluid 

Loss of both water and salt m hypotonic solution, as in sweat, is comparable 
in its immediate effect to a primary loss of salt Sweatmg greatly accelerates 
the dehydration of water depnvation, mcludmg the mcreases of sodium and 
chlonde m the serum If the losses of salt have been great, as they may be when 
heavy work is done at high temperatures, replacement of the lost flmd by drinking 
water may precipitate muscular and abdominal cramps (188, 306) and other 
symptoms of “water mtoxication” Although the concentrations of sodium 
and chlonde m the extracellular flmds are elevated, the total amounts of these 
ions m the body are low Replacement of the flmd by water alone, therefore, 
produces hypotomcity Dunng actual work water may be taken to supply 
sweat In the mtervals between activity, when sweating has ceased and water 
is taken to reconstitute the body flmds. Salt is required (103, 395) This is less 
necessary after acclimatization is complete Salt taken durmg activity merely 
aggravates thirst and dehydration Ingestion of salt with insufBcient water is 
highly imdesirable because it drains more water mto the imne when the kidneys 
are makmg every effort to conserve water LadeU (255) and others claim that 
men marooned at sea may benefit by supplementing scanty supphes of fresh 
water with sea water The evidence is not convmcmg that these supplements 
actu^y spare any body water (442) The concentration of salts m sea water 
approaches or exceeds the concentratmg powers of the human kidney Dnnkmg 
seawater alone is, therefore, disastrous Sea water enemas are equally dangerous 
(48, 143) Smce the osmotic pressure of the contents of the gut can not be 
raised above the osmotic pressure of the body flmds, such enemas withdraw 
water mto the gut and further raise the concentrations of sodium and chlonde 
m the body 

Because gastromtestinal and digestive secretions are isotomc their loss through 
vomiting, diarrhea and fistulae should deplete sodium and water m eqmvalent 
proportions Actually, smce water contmues to be dissipated m the insensible 
perspiration, if no food or flmds are given, more salt than water would be wasted 
If water is ingested a certam amount is absorbed, the remamder discharged in 
the vomitus, diarrhea or fistulous matter, cames with it salt that has been 
secreted mto the water to make it isotomc These disorders, consequently. 
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usually produce a state of primary salt depletion (160, 160, 204) Smce the 
TOlume of vormtuB, especially m obstruction or irritation of the gastromteatmal 
tract, usually exceeds the volume of fluid ingested, the salt depletion is associated 
with a large deficit of water By prohibition of oral food and fluids the vomitmg 
and diarrhea of mercury poisonmg may be abolished (323), the vomitmg of 
pyloric obstruction can bo greatly reduced (142, 318) If decompression and 
lavage of the obstructed gut are praefased (1, 2, 45») lavage should be performed, 
not with water, but with normal sahne, to reduce secretory activity of the 
alimentary canal and the digestive glands to a TTummum (83, 319) The dis- 
charge of flmd from high mtestmal fistulao may bo greatly diminished by giving 
only isotomo solutaons of sahne and ^ucose (320) 

Sodtitm ercesj If the ratio of sodium salts to water is greater m the mgesta 
than m the extracellular flmd, the volume of the latter expands at the expense of 
the ceUs (96, 444) Diuresis ensues, its mtensity dependmg upon the volume and 
salt concentrabon of the fluid given (196, 442) The diuresis is duo chiefly to 
the limitafaon imposed upon tubular reabsorpbon of water by the osmobo effect 
of the salt Glomerular filtrabon is moreased more by a given dose of hypertonic 
sahne than by an equal amount of water (366) perhaps because the former, by 
drawing water from the cells, expands the extracellular fluid and the volume of 
the blood further 

ricidf/yinp measure) If a strong acid which can not be utilUed, for example 
a mmeral add, is given, it forms sodium salts m the body displacmg bicarbonate 
The pH of the body flmda falls and, for reasons discussed above, the cells swell 
Since the kidneys can not elimmate the aad without some of the sodium with 
which it 18 combmed, they respond, as they do to primary sodium deficiency, by 
sacrificing some water m the mterests of the electrolj'te osmobo pressuro of the 
body flmds (14, 151, 168) Ammomum and calcium chlonde have acidifying 
effects similar to that of hydrochloric aad The ammonia of ammonium chlonde 
IS converted to urea, leaving the chloride Ion to form hydrochlono aad Calaum 
chlonde is acidifying only when given by mouth, when a largo part of the calaum 
IS excreted m the feces while the chlonde is absorbed (14, 151, 168) 

AUxUtnixtng measures Admmistrabon of the hydroxide, carbonate or hi 
carbonate of sodium or sodium salts of orgamc adds that can bo oxidized increases 
the sodium, bicarbonate and pH of the extracellular flmds The nse of pH causes 
the cells to shnnlr If sufficient water is available the excess of bicarbonate is 
ohmmated by inhi bition of its reabsorpbon in the tubules Sodium excess has, 
thoroforo, little diuretic effect, in pathologic states it may oven conduce to edema 
(160, 166, 204) Spontaneous sodium excess has not been reported. Far com 
moner la replacement of chlonde by bicarbonate, the condibon encountered in 
patients who have vomited add gastric contents (160, 166, 204) In such states 
there is mvanably dehydration and sodium dofidenc} TTio sodium released by 
hydrochlono add forms bicarbonate which is excreted by the kidneys to restore 
the normal amen pattern This leads to a sodium defidt that is mot by sacrifice 
of water (160, 160) 

Salts other than sodtum bicarbonate and chlonde, which distort the chemical 
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pattern of the body fluids are ehminatcd by the kidney with as much water as is 
reqmred to permit their excretion m less than maximum concentration Because 
of the efficiency with which sulfate is excreted and its comparative physiological 
inactivity, ite salts have a strong diuretic effect if they gam access to the body 
(38, 151, 351) They are, however, so shghtly absorbed that, when given by 
mouth, they mduce diarrhea, for diuretic purposes they must be given parenter- 
ally As a diuretic sodium sulfate is to be preferred (351) , the magnesium salts, 
because of the toxic action of the mf^esium ion, can not be given m large 
enough quantities (373, 447) The phosphate ion has other actions that contra- 
indicate its general use as a diuretic The body seems pecuharly tolerant to 
mtrate, acceptmg it as a substitute for chlonde (223) Keith (246) has recom- 
mended ammomum mtrate as an effective acidifying diuretic The chlonde 
and organic salts of potassium are more diuretic than eqmvalent amounts of 
correspondmg sodium salts, but can not be given m large enough quantities to 
have an important effect on unne volume 
Diuretic drugs and chemicaI/S Urea is perhaps the blandest of all diuret- 
ics Diffusmg freely through all the flmds of the body, without appreciable 
physiological activity, it does not even alter the distnbutaon of water It can, 
therefore, be given m large quantities (30, 82, 277) It acts by limiting the 
reabsorption of water m the renal tubules 
Sugars, when taken by mouth, have no significant effect on water metabolism 
except as they prevent ketosis, reduce protem catabolism and provide water of 
oxidation Isotonic glucose solution mjected mtravenously is eqmvalent from 
the standpomt of water metabolism to the mjection of an equal amount of water 
because the glucose diffuses rapidly throughout the body and is consumed by the 
cells If the same solution is mjected mto a serous cavity or subcutaneously the 
water is absorbed more slowly than it w’ould be from isotomc salme smce salt 
diffuses mto the glucose solution more rapidly than glucose diffuses out Im- 
tially such an injection may abstract water from the body at large (96) becduse, 
until equihbnum is established between the two media, the osmotic pressure is 
higher m the mjected pool than m the rest of the body If hypertomc glucose 
solution IS mjected rapidly mto a vem it draws flmd mto the blood stream until 
the sugar has had time to diffuse out of the circulation This may ehcit transient 

diuresis, but glucose exerts no important diuretic action unless it gives rise to 
glycosuria, because it is mjected more rapidly than it can be utilized, because its 
utihzation is impaued, or because its reabsorption in the renal tubules is inhibited 
by phlonzm Other monosacchandes have a similar effect if they are absorbed 
or mjected more rapidly than they are consumed Disacchandes, with the ex- 
ception of maltose, are not utihzed if they enter the blood stream, but are rapidly 
and completely ehmmated m the urme Because of its large molecular weight 
a given amount of disacchande should command only half as much water as an 
equal weight of glucose This is partly offset by the fact that disacchandes es- 
cape reabsoxption almost or qmte completely and are excluded from cells from 
which they extract water by their osmotic effect 
The purine and merctartal dtureitcs act directly upon the kidney (24, 34, 174) 
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Thore ib some ondence that they inhibit pnmanly reabeorption of sodium 
chlonde (270, 343), in •which case tho diuresis of water may bo a secondary rcac 
tion. In keopmg with this both tho punne drugs (302) and tho mercurials (270) 
m diabetes insipidus enable the ladnej’s to concentrate chloride m tho unno, and 
therefore have an antidiuretio rather than a diuretic action in this condition 
Accordmg to Unna and Waltcrakirchen (400) pituitrm augments the diuretic 
effect of these drugs 

PosTOKB AND EXEKCTBE Stationary maintenance of the erect posture or a 
position ra which the legs are immovably dependent leads to hemoconcentration 
■with Bwelhng of tho lower extremities (398) because, under tho mflucnco of 
grairity venous stasis becomes great enough to cause transudation ■whilo lym 
phatio drainage is retarded (105) This edema can bo prevented or chmmated by 
oxerciso of the lower extremities because muscular contraction facThtates the 
flow of blood and lymph (293) 

Severe muscular exercise, by acceleratmg energy expenditure, mcreascs water 
of oxidation and 'vaponiatiau from lungs and skin (192), as well as blood flow 
Hemoconcentration, which has been reported (23, 342), is usually attributed to 
contraction of tho circulating blood volume Ebert and Stead (108) found that 
the blue dye T-1824 could not bo used to measure plasma volume m exercise 
because the inherent optical properties of serum are altered by oxerciso 

Dumig exercise muscles lose potassiura (126, 180, 303), accordmg to Miller 
and Harrow (303), with a proportional quantity of orgomo sobd, probably 
glycogen 

Severe exercise diminishes tho rate of formation of unno (79, 111, 212, 345) 
This 18 not due only to the diversion of water to other excretory channels nor to 
hemoconcentration, smee it is observed oven when exercismg subjects dnnk 
water (111, 212) Rydm and Vomey (346) believe it is referable to action of the 
antidiurotic hormone of tho pituitary If however, glomerular filtration is 
dimiuishcd, as Covian and Rohberg (79) claim there may be in addition a dis 
Uirbance of renal circulation Tho excretion of chlonde falls (111, 207) and the 
urea clearance diminishes more than tho oreatinme clearance does (79) Both 
tho mtensity and the duration of tho ohguna vary directly with the severity of 
tho exercise (79) and the oliguna persists for some tame after exorcise has ceased 
(207, 212) 

REFFBFNCE8 

(1) AnaoTT W O Arch lot Med 63 4S3 1030 

(2) Adbott W O ahd T G Micleb Trans Am Clin Climstolnfeesl Ann 1030 

(3) Adouii, E F Am J Physiol 66 410 1023 

(4) Anouil E F Quart Rev Biol 6 61 1030 

(6) Anouni, E F Physiol Rev 13 335 1033 

(6) Adouti E F Am J Physiol 133l 4S6 1038 

(T) Anot,™ E F Am J Physiol lS6j 78 1039 

(8) Adouti, E F aito D B Dlia. Am J Physiol 123 359 1938 

(9) ADOLni,E F asdG Eiucsos Am J Physiol 79r377 1026-27 

(10) Altscdule M D ako D R. Oilugas J Clm Investigation 17: 401 1938 

(11) AvnEXsOH W R T P Nash, A G Mnujrn AMD D Bmws Am J Physiol 132: 

224 1938 



622 


JOHN P PETEHS 


(12) Andrew, B L , J N Davidson and R C Caret J Physiol 98 487, 1940 

(13) Arnodd, R M and L B Mended J Biol Chem 72 189, 1927 

(14) Atchlet, D W , R F Loeb and E M Benedict J A M A 80 1643, 1923 

(16) Atchlet,D W ,R F Loeb,D W Richards, Jr ,E M Benedict and M E Dbib- 
COEL J Clin Investigation 12 297, 1933 

(16) Atkinson, A J and A C Ivr J A M A 108 515, 1936 

(17) Austin, J H , E Stieuian and D D Van SEtke J Biol Chem 46 91, 1921 

(18) Baieet, P and F Bremer Arch Int Med 28 773, 1921 

(19) Bakwin, H Am J Dia Child 24 497, 508, 1922 

(20) Bakwin, H and H Rivkin Am J Dis Child 27 340, 1924 

(21) Baee, E G j Biol Chem 86 449, 1930 

(22) Barnes, B D , J F Reoan and J G Bueno Am J Physiol 106 659, 1933 

(23) Baer, D P,H E HimwichandR P Green J Biol Chem 56 496,1923 

(24) Bartram, E a j Clm Investigation 11 1197, 1932 

(25) Baumann, E J and S Kureand J Biol Chem 71 281, 1927 

(26) Bayliss, L E and A Brown J Ph3rBiol 98 190, 1940 

(27) Bayliss, L E anti A R Fee J Physiol 69 136, 1930 

(28) Bayliss, L E and E Lundsoaaed J Physiol 74 279, 1932 

(29) Bazett,H C ,F W Sunderman,M E MaxfieedandJ C Scott Am J Physiol 

129 P309, 1940 

(30) Becher, E Deutsch, Arch klin Med 146 222, 1924 

(31) deBeee, E J ,C G Johnston AND D W Wilson J Biol Chem 108 113,1935 

(32) Bellows, R T andW P vanWaobnen Am J Physiol 126 13,1939 

(33) Benedict, F G Carnegie Inst Washington Pub no 203, 1915 

(34) Beutner, R,J LandatandA LrEBERMAN,JE Proo Soo Exper Biol and Med 

44 120,1940 

(35) Biasotti, a Compt rend Soc biol 116 329, 1933 

(36) Bidder, F and C Schmidt Die Verdauungssaefte und der Stoffwechsel G A 

Reyher, Mitau and Leipaig, 1852 

(37) Black, D A K , R A McCance and W F Youno J Physiol 102 406 , 1944 

(38) Blackfan, K D and B Hajiilton Boston Med Surg J 193 617, 1925 

(39) Blalock, A and J W Beard J Clin Investigation 11 311, 1932 

(40) Blood, F R and H B Lewis J Biol Chem 139 413, 1941 

(41) Blotner, H and E C Cutler. JAMA 116 2739, 1941 

(42) Blumqart, H L , S L Gargill and D R Gillioan J Clm Investigation 9 69, 

1930 

(43) Boothby, W M , I Sandiford, K Sandiford and J Slosse J Ergebn Physiol 

24 728,1925 

(44) Bourdillon, J Am J Physiol 120: 411, 1937 
(46) Bourquin, H Am J Physiol 96 66, 1931 

(46) Boyd, E M and M Dingwall, Jr J Physiol 96 601,1939 

(47) Boyd, E M and D W Whyte Am J Phjsiol 126 416, 1939 

(48) Bradish, R F ,M W Everhart, W M McCord and W J Witt JAMA 120 

683, 1942 

(49) Brodie, B B , E Brand and S Leschin J Biol Chem ISO 666, 1939 

(50) Brockman, F S , L M D'Ebopo and J P Peters J Clin Investigation 8 677, 

1930 

(51) Brockman, F S andJ P Peters J Clm Investigations 691,1929-30 

(62) Brunn, F Zentralbl inn Med 41 674, 1920 

(63) Burch, G E and W A Sodeman J Clm Investigation 16 846, 1937 

(64) Burgess, W W ,A M Harvey and E K Marshall, Jr J Pharmacol andExper 

Therap 49 237,1933 

^ (56) Burns, H S and M B Vibscher Am J Phvsiol 110 490, 1934 



WATER EXCHANGE 


623 


(66) Bubweli^ C 8 , W D Stiuthobk D Fuckikoeb M B Coelettb E P Bowe* 

icaxakdJ a Kekkzbt Arch lot Med 62 979 1938 

(67) Butt H R A M SkellandA Ket® Arch Int Med 63 143,1939 

(68) Btbou F B Clin Scl 1 273, 1934 

(69) CxjirBXBK P Ann M^d 36 196 1934 

(00) Caufbell J R Jr and U L Bluuoart Am Med Bel 176 769 1928 

(61) CnAna,H C andG A Habrop Jb J Chn Inveetigation 6 393 1928 

(62) Chapin Jf A. and J F Rosa Am J Phyalol 137: 447 1942 

(63) Cbabis H H Arranges W Oou>BtNOAKDH W Smith J Clin Invcatigation 

17 683, 1938 

(64) CitESLET L C Burg Oynec and Obatet 78: 680 1948 

(66) Cheslbt L C and J M Booo Barg Qynec and Obatet 77 261 1943 
(66) Childb a and L Eichelbeboeb. Am J Physiol 137 384 1042 
(^7) Chbibtib C 0 AND Q N Stewabt Arch Int Med 29:666 1922 

(68) ChraienB# R V and A L IxrauiB J Phyaiol 77 86, 1932 

(69) CnROMETXBA F AND M ScHTTEDER Ztschr gcj expcr Med 60:288 1932 

(70) Chd H I 8 H Liu and T F \ v Proc Boc Exper Biol and Med 48:682 1941 

(71) Clabee R W Am J Physiol 131 325 1940 

(72) Clinton, M Jb and Q W Thobn Ball Johna Hopldns Heap 72 : 256 1948 

(73) CoNNjJ W AND M W JoHNaroK Proc Am Boo Clin Inveallgation 1944 

(74) CoPB, 0,H BlattakdM R Ball J Clin Investigation 22 111 1943 

(75) CoFE 0 ,W E Cork AND A 0 Breniieb Jb J Clin Investigation 22: 103 1943 

(70) CoBBT E L and 8 W Bbittos Am J Ph 3 rsiol 133 611 1041 

(77) Gobi G T J O CLOsaANnC F Cow J Biol Chem 103 18 1633 

(78) CcmmcB F C J Phyaiol 102 290 1943 

(79) CoviAN F G AND P B RwtBBRO Skand Arch Physiol 76-76 21 1936-57 

(80) Ceaio N S Quart J Exper Physiol 15: 119 1925 

(81) Cbakdall L a Jb and M \ Akdbbson Am J Digest Dis and Katritlon li 

126 1934 

(82) Cbawtord j H andJ F McIntosh Arch Int Med 38:630 1926 

(83) CKTDEn J 0 AND J E Thouab Proc Boo Exper Biol and Med 44 299, 1940 
(S4) CuRTiB G M Arch Int Med 34 801 1924 

(85) Cutleb E 0 Proc Inter-State Poot-Oraduatc Med Assembly N America 1936 

(88) CintE A V ANp J Bx^l, Ztaohr ges exper Med 95: 47 1934-M 

(87) Daniei/, J andF nooLFR Wien Arch inn Med 13 457 1927 

(88) Daniel, J andF HOqler Wien Arch inn Med 13 481 1D27 

(89) Dakowbki T 8 j Biol Chem 139: 693 1941 

(00) Dahowsii T 8 j Biol Chem IW 207 1044 

(91) Dakowbei T S j R Elkinton and A W Wikxleb J CJlin Investigation (In 

press) 

(92) Dabbow D 0 Proo Boo Exper Biol and Med 65 13 1944 

(93) Dabbow D C and II C Mjlleb J Clin Investigation 21t 801 1942 

(04) Dabbow D C H C Boole and T E Bdooian J CHin Investigation 6 243, 
1927-28 

(96) Dabbow D C and II Yannet J Clin Investigation 14 2C6, 1936 

(06) Deunitx, A AND W ScnoLi Klin Wehnschr 2:688 1032 

(07) Dennis C andM B Visscher Am J Pb 3 r»ol 129 176 1940 
(98) DEiracn G DeuUch Arch kUn Med 134: 342 1920 

(90) Diccemann W j and C R Weoneb Arch Int Mod 63 71 1934 

(100) Dill,D n Life heat and altitude IlarvardUmTerBlty Press Cambridge Maas 

1038 

(101) Dill,D B a V Bock AMD H T Edwards Am J Phyaiol 104:36,1933 

(102) Dill,D B F G Hall and H T Edwabds Am J Phyaiol 113:412 1033 



524 


JOSS P PETERS 


(103) Dill, D B , B F Jones, H T Edwards and S A Obbro J Biol Chem 100 

766, 1933 

(104) Doist, B a and E P Eaton J Biol Chem 47 377, 1921 

(105) Drinker, C K and M E Field L 3 Tnphatica, lymph and tissue fluid Williams 

& WilkuiB Co , Baltimore, 1933 

(106) Du Bois, E F Harvey Lectures 34 88, 1938 Bull N Y Acad Med 16 143, 1939 

(107) Du Bois, E F Med Soi 6 316, 1937 

(108) Ebert, R V and E A Stead, Jr Proo Soc Exper Biol and Med 46 139, 1941 

(109) Eqgleton, M G j Physiol 79 31, 1933 

(110) Eqgleton, M G J Physiol 90 466, 1937 

(111) Eqgleton, MG J Physiol 102 140, 1943 

(112) Eqgleton, M G , P Eggleton and A M Hamilton J Physiol 90 167, 1937 

(113) Eqgleton, P J Physiol 70 294, 1930 

(114) Eichblberger, L and A B Hastings J Biol Chem 118 197, 1937 

(116) Eichblbergeh, L, and A B Hastings J Biol Chem 118 205, 1937 

(116) Eisenman, a j , P M Hald and J P Peters J Biol Chem 118 289, 1937 

(117) Eisenman, A J ,P K Sbaith, A W Winkler and J R Elkinton Proo Am Soc 

Biol Chem 9 36, 1941 

(118) Elkinton, J R andM Tafpll Am J Physiol 138 126,1942 

(119) Elkinton, J R andM Taffel J Clm Investigation 21 787,1942 

(120) Elkinton, J R and A W Winkler J Clm Investigation 23 93,1944 

(121) Elkinton, J R,A W Winkler and T 8 Danowbki Unpublished 

(122) Elman, R , L A Sachar, A Horwitz and H Wolff Arch Surg 44 1064, 1942 

(123) Emert, F E and P A Greco Endocrinology 27 473, 1940 

(124) Eppingbr, H Zur Pathologie und Therapie des menschliohen Odems zugleioh em 

Beitrag zur Lehre von der Schilddrusenfunktion Eine klmischexpenmentelle 
Studie Julius Springer, Berlin, 1917 

(125) Fbnn, wo Am j Physiol 127 366, 1939 

(126) Fenn, W 0 Physiol Rev 16 460, 1936 

(127) Ferrebee, j W , O C Leigh and R W Berliner Proc Soc Exper Biol and 

Med 46 649, 1941 

(128) Ferrebee, J W , D Parker, W H Carnes, M K Geritv, D W Atchlet and R 

F Lobb Am J Physiol 186 230, 1941 

(129) Ferrebee, J W , C Ragan, D W Atchlet and R F Lobb JAMA 118 

1726, 1939 

(130) Ferrebee, J W , C Ragan, D W Atchlet and R F Loeb Endocrmology 27 

360, 1940 

(131) Field, M E and C K Drinker Am J Physiol 97 40, 1931 

(132) Field, M E and C K Drinker Am J Physiol 98 66, 1931 

(133) Field, M E and C K Drinker Am J Physiol 116 697,1936 

(134) Findley, T , Jr Ann Int Med 11 701, 1937 

(136) FiNDfJET, T , Jr and H L White J Clin Investigation 16 197, 1937 

(136) Fishberq, E H and W Bierman J Biol Chem 97 433, 1932 

(137) Fisher, C and W R Ingram Endocrmology 20 762, 1936 

(138) Fisher, C , H W Magotjn and A Hetherington Am J Physiol 121 112, 1938 

(139) Flexner, L B , a Gbllhorn and M Merrell J Biol Chem 144 36, 1942 

(140) Fog, M J A M A 107 2040, 1936 

(141) Forbes, W H ,D B Dill and F G Hall Am J Physiol ISO 739,1940 

(142) Foster, W C J A M A 91- 1623, 1928 

(143) For, H , A Altmann and A Kondi S African Med J 16 113, 1942, JAMA 

119 1228, 1942 

(144) Fraser, AM J Physiol 101 236, 1942-43 

(146) Freeman, N E , H Freedman and C C Miller Am J Physiol 131 546, 1941 
(146) Fret, E Bioohem Ztschr 19 609, 1909 





526 


(147) Frbtbeiuj R H ahd R L Graht J Clin Investigation 16 729 ID37 

(148) Pbbtbebo R H R D Reekie akd C Folsovb Am J Obstet and Gyneo M 

200 1038 

(140) Frisch, R> A ,L B Mendel akd J P Petebs J Biol Chom 84:167 1029 

(150) OaublX; J L Chemical anatomy physiology and pathology of extraccUolar fluid 

a lecture syllabus Spauldlng^foss Co Boston Mass 1039 

(151) Gamble J L K D Blackfan and B Hamilton J Clin Investitation 1: 360 

1025 

(162) Gamble, J L and M A MoIveb J Exper Med 48 837 1028 

063) Gamble J L and M A McIveb. J Ex^r Med 48 840, 102S 

054) Gamble JX C F Mc^hakk A M Butler akd E Tothill. Am J Physiol 
109 130 1034 

055; Gamble J L M C Putnam and C F McKhakw Am J Physiol 88 571 1029 

(156) Gamble J L and 8 Q Rosa J Clin Investigation 1:403 1025 

(157) Gamble J L O 8 Rose akd F F Tibdall. J Biol CKem 67:633 1023 

(158) Gamble J L G 8 Rosa akd F F Tibdall Am J Dis Child 36 455 1023 

(160) Gaunt R Proc Boo Exper Biol and Med 54: 10 104S 

060) Gibson J O 2kd and W A Evans Jb J Clm Investigation 16: 801, 1037 

(161) Gibson J G 2nd and W A Evans Jb J Clin Investigation 16:817 1937 

063) Gibson J O 2nd and A W Harris J Clin Investigation 18 : 69 1939 

(163) Gilder BOH MOllebandR.A Phillips Am J Physiol 130:P362 1040 
(184) Gillioak D R and Q Edsall J Clin Investigation 14 : 650 1936 

065) Gilman A Am J Physiol 140 323 1937 

(166) Qiluah, a and H O Barbour Am J Physiol 104 802 1933 

067) Gilman A and G R Cowoill, Am J Ph:^ol 103: 148 1938 

068) Gilman A and L. Goodman J Pbyriol 90 113, 1037 

(160) Giuian a and N E Kipp Am J Physiol 143: P77 1038 

070) Odcandes O j and A Topper. Am J DIb Child 66: 1176 1038 

071) Goloschmidt 6 Physiol Her 1 421 1021 

072) Qotaebtb P Bull aead roy mdd Beig 8 33, 1928 

(178) Govaebts P Compt rend 6oe blol 99 830 1028 

(174) Govaebts P Compt rpnd. Soc. blol 99 647 1928 

(175) Obeenbebo D M and E M Cuthbebtsok J Biol Chem 146 179 1942 

(176) Qbeene,C H. j L Bollmak Is M KRirnANDE 0 Wakefield J Biol Cbem 

91:203 1031 

077) Greeks C H and hL H Potter. J Biol Cbem 91: 183 1931 
(178) Gbeoort IL a and D H K Lee J Physiol 86 204 1036 
(170) Haas Q Ztsehr exper Path Therap SSi 375, 1021 
(180) Hahn, L and Q ELetest ActaPhyaiol Boand 2:51 1941 

081) Hahn P F andW F Bale Am J Phyiiol 136:814,1942. 

082) Hahn P F , W F Bale and W M Balfour Am J Physiol 136: 600 1041-42 

(183) Hahn P F J F Ross and W F Bale J Exper Med 76: 221,1042 

(184) Hall J F Jr and O 8 McClure Am J Physiol U5 670 1936 
086) Halperh, L j Biol Chem. 114 747 1036 

(186) Ham G C and E M Landis. J Clin Investigation 41: 456 1942 

(187) Hambuboeb H J OsmotiscberDruek andlonenlehrelndenmedixlnlBchenWissoD- 

schaften Wiesbaden 1: 1003 

088) Hancock, W A Q R WirmniouBE and J 8 Haldane Proc Roy Soc London 
105B 43 1929 

(189) Hantovskt H and A Samaan J Physiol 89: 14, 1937 

090) HARDiNa V J andL J Habjus. Trans Roy Boo Canada 44: (SdBeries) 8ec V 
101 1930 

OQl) Hardt j t) Am)E.F DoBois J NutriUonlB 477 1038 

(102) Hardt J D A T MiuioratandE F Du Bois J Irutritlon 16:477,1^38 



626 


JOHN P PETTERS 


(193) Hardt, J D ,A T Mimorat and E F DdBois J Nutrition 21 383,1941 

(194) Habdt, j D and G F Sodeestbom J Nutntion 16 493, 1938 

(195) Hare, K , R C Hickey and R S Hare Am J Physiol 134- 240, 1941 

(196) Hare, R S , K Hare and D M Phillips Am J Physiol 140 334, 1943 

(197) Habbibon, H E j Biol Chem 120 467, 1937 

(198) Habbibon, H E and D C Harrow J Chn Investigation 17 77, 1938 

(199) Habbibon, H E , D C Dabbow and H Yannet J Biol Chem 113 515, 1936 

(200) Hareop, G a , W M Nicholson and M Strauss J Exper Med 64 283, 1936 

(201) Habbop, G a , L j Soffer, R Ellsworth and J H Tbebcher J Exper Med 

68 17,1933 

(202) Habbop, G A and G W Thorn J Exper Med 66 767, 1937 

(203) Haetuan, F A , L a Lewis and C G Toby Endocnnology 22 207, 1938 

(204) Hartmann, A F and F S Smyth Am J Dis Child 32 1, 1926 

(205) Hastings, A B and L Eichelberger J Biol Chem 117 73, 1937 

(206) Hastings, A B , H A Salvesen, J Sendroy, Jb and D D Van Slyke J Gen 

Physiol 8 701, 1927 

(207) Havabd, re j Physiol 90 90P, 1937 

(208) Hayman, j M , Jb , N P SHUjrwAY, P Ddmkb and M Miller J Clin Investiga- 

tion 18 195, 1939 

(209) Haynes, F W Am J Physiol 101 223, 1932 

(210) Heim, J W Am J Physiol 103 663, 1933 

Heim, J W and B N Berg Am J Physiol 106 674, 1933 

(211) Heinemann, M j Clm Investigation 22 29, 1943 

(212) Hellebbandt, F A , C E Walters and M L Miller Am J Phjsiol 116 168, 

1936 

(213) Heller, H J Physiol 89 81, 1937 

(214) Heller, H J Physiol 98 406, 1940 

(216) Hblleb, H Nature 161 602, 1M3 

(216) Heller, H and F H Smirk J Physiol 76 19, 1932 

(217) Heller, H and F H Smirk Arch exper Path und Pharmakol 169 298, 1932-33 

(218) HpNDERSON, L J Blood, a study in general physiology Yale University Press, 

New Haven, 1928 

(219) Heppbl, L a Am J Physiol 127 386, 1939 

(220) Heppel, L A Am J Physiol 128 449, 1939-40 

(221) Hevesy, G and C F Jacobsen Acta Physiol Soand 1 11, 1940 

(222) Hewitt, W F , Jb and E J Van Libre Endocrinology 28 847, 1941 

(223) Hiatt, E P Am J Physiol 129 697, 1940 

(224) Hiort, a M Endocnnology 12 496, 1928 

(226) HOgleb, F and K Ueberrack Wien Arch inn Med 13 466, 1927 

(226) Hopper, J , Jb and A W Winkler J Clm Investigation (in press) 

(227) Hddack, S and P D McMasteb J Exper Med 66 223, 1932 

(228) Ingraham, R C and M B Visscher Am J Ph 3 rBiol 114 676, 1936 

(229) Ingram, W R and C Fisher Endocnnology 21 273, 1937 

(230) Ingram, W R,C Fisher and S W Ranson Arch Int Med 67 1067,1936 

(231) Ingram, W R , L Ladd and J T Benbow Am J Physiol 127 544, 1939 

(232) loB, V and W W Swanson Am J Dis Child 47 302, 1934 

(233) IvERSEN, P , E Jacobsen and J Bing Arch exper Path und Pharmakol 174 

69, 1933 

(234) Johnston, M W anh L H Newburgh J Clm Investigation 21 367, 1942 

(235) JonIB, V Ztschr ges exper Med 99 718, 1936 

(236) Jones, A M ane W SchiIapp J Physiol 87 144, 1936 

(237) Jobes, A Ztschr ges exper Med 71 170, 1930 

(238) Jobes, A Ztschr ges exper Med 74 767, 1930 

(239) Jobes, A Ztschr ges exper Med 77 734, 1931 



WATER EXCHANOB 


627 


(240) J uNXEW tn, C MOnch med WclmBchr 78: 416 1929 

(341) Kjliotbtdeb^ N L G B aw® J B Allth J Clin InvertigatJon 21: 

339 1912 

(212) KaI/Tebideb N L G R Meweelt J R Allek aw® W F Bale J Exp«r Med 
74 669 1941 

(248) Kablte L K 2Uolir ^eB exper Med 61 6 1028 

(244) Keith N M L G RowwtbeeawdJ T Qebagbtt Arch Int Med 16 647,1916 

(246) Keito N M M. WnBLAX ak® E G Bakwice* Arch Int Med 46:797 1930 

(246) K e lleb , a D Proc Boc Exper Biol And Med 86 7S7 1937 

(247) KeepbI/*Fbontos E Klin Wchnachr 16: 1456, 1987 

(248) Kiesweb j B ak® K Khctwlton J Clin Inveetigation SO 303 1941 

(249) Keetebilakw E aw® T ScHLEiwiwa Dentecb Arch kiln Med 179 609, 1936 

(250) Kliwohofter, K, A Am J Phymol 111 281 1936 

(251) Knack, A V and J Neuuawk Deutach med Wchneohr 43 901 1017 
(263) Kobhaw, E a Am J Phynol 61: 878 1920 

(263) Kbooh a an® G A Haebop Compt rend 8oc blol 84 326 1921 

(254) Kbohw P L ax® B Zockervas J Physiol 86i869 1937 

(265) Laoell W 8 8 Lancet 3 441 1943 

(260) Laupobt H j ([Jim InveetiKstion 30 £36 1041 
(357) Ijlupoet K. J Qm Inrestl^tion 20: 546 1941 
(258) Lak®u EM Am J Physiol 83 628 1028 

(269) Landis E M Physiol Rev 14 401 1934 

(200) Landis, E M L Jonas M Anoevtwe aw® W Eed J CSin InvesilgEtlon 11 

m 1932 

(261) Lawds M R, a. Cumwo an® P S Labsow Am J Physio] 130 431 1940 

(282) Lattetes P H J CJUn InTeetigatioD 14: 67 1936 

(263) Latietes P H j Bouedillon aw®K A KuwoHorEB J Clin InTestlgsUon 16: 

261 1936 

(264) Lavietes P H L hL D'Esopo and H E Haeetsow J Oln InvestlnUon 14 

261 1036 

(266) Leyiwb 8 Z an® E Mahples Am J DIs Child 40 269 1980 

(266) LETiifB, 8 Z AN® J R Wheow Am J Bis Child 36 64 1928 

(267) Levine S Z J R Wilson an® M Kbllt Am J Bis Child 37:701 1929 39 

017 1030 

(268) Lewis J H J A hL A- 76 1342 1921 

^®) Lim R K 8 AND T G Ni Am J Phj^ol 75: 476 1926 

(270) Liwdeboom Q A Doutech. Arch kli® Med 176 74 1933 

(271) Loeb R F Proc Boo Ezper Biol and Med 30:808 1933 Bdenee 76: 420 1932 

(272) liOEB R F D W».Atchlet E M Benedict an® J Leiakd J Eiper Med 67 

776 1933 

(273) Loeb R F D W Atchlet an® W W PAUfEB J Gen Physiol 4: 691 1922 

(274) MacOalltju W G Boll Johns Hopkins Hosp 14: 105, 1003 

(276) MacKat E M and H C Bbbouan J Biol Chem 101 463 1933 

(276) MacKat E M, awoL L MacKat Am J Physiol 116:465 1936 

(277) Maclean, E Modem methods in the dl&gnoeiB and treatment of renal diseases 

Lea and Febiger I/ondon 1024 

(278) Maooun H W C Fjsiiiib and 8 W Rawsoh Endocrinology 25: 161 1939 
(270) MAnoKET W AK® D Sheehan Am J Physiol 112:250 1935 

(2S0) Manc ue st eh , R. C C Hosted an® I McQuabbie J Nutntlon 4: 39 1931 

(281) Manebt j P andW P Bale. Am J Phyrol 132:215 1911 

(282) Manebt J F,I 8 Danielson an® A B Hastinos J Biol Chem 124:269 1938. 

(283) FIanebt j F an® A B TlAsriKas J Biol Chem 127:657 1939 

(284) Mabine D an® E J Baouann Am J Physiol 31:66 1027 

(285) Marshall E K Jb, K Emeebos, Jr. an® W C Ccttino J Pbannacol and 

Exper Therap 61: 106 1937 



528 


JOHN P PETERS 


(286) Marshall, E K , Jr and A C Kolls Am J Physiol 49 302, 1919 

(287) Marshall, E K , Jr and A C Kolls Am J Physiol 49 317, 1919 

(288) Marshall, E K , Jr and A C Kolls, Am J Physiol 49 336, 1919 

(289) Martin, C J Lancet 2 601, 617, 673, 1930 

(290) Maurer, F W Am J Physiol 124 546, 1938 

(291) Maurer, F W Am J Physiol 131 331, 1940 

(292) Maver, mb j a M a 74 '934, 1920 

(293) Mayehson, H S and G E Burch Am J Physiol 128 268, 1939-40 

(294) McCance, raj Physiol 92 208, 1938 
(296) McCance, R A Lancet 2 190, 1938 

(296) McCance, R A and E M Widdowson J Physiol 91 222, 1937 

(297) McCarrel, J D , S Thayer and C K Drinker Am J Physiol 113 79, 194 

(298) McFarlane, A J Pharmacol and Evpor Themp 28 177, 1926 ^ 

(299) Mellors, R C , E Muntwyler and F R Mautz J Biol Chem 144 773, 1942 I 

(300) Mellors, R C , E Muntwyler, F R Mautz and W E Abbott J Biol Chen | 

144 786, 1942 

(301) Melville, K I J Physiol 87 129, 1936 

(302) Meyer, E Deutsch Arch klin Med 83 1, 1905 

(303) Miller, H C and D C Dabrow Am J Physiol 182 801, 1941 

(304) Miller, M , J W Price and L P Longley J Chn Investigation 20 31, 1941 

(305) Molitor, H and E Pick Arch oxper Path und Phannakol 112* 113, 1926 

(306) Moss, K N Proc Roy Soo , London 96B 181, 1923-24 

(307) Motzfbldt, K J Exper Med 26 163, 1917 

(308) Mulinos, M G , C L Spingarn and M B Lojkin Am J Physiol 136 102, 1941 

(309) Muntwyler, E , R C Mellors, F R Mautz and G H Mangun J Biol CHeo- 

184 367, 1940 

(310) Nadal, J W ,S Pedersen AND W G Maddock J Clin Investigation 20 691,1941 

(311) Newburgh, L H,M W Joehiston, F H LashmetandJ M Sheldon J N'u 

tion 18 203, 1937 

(312) Ollayos, R W and A W Winkler J Clin Investigation 22 147, 1943 

(313) Ord, W M Med -Chirurg Trans , London 61 57, 1878 

(314) Oster, R H and W R Ambebson J Biol Chem 131 19, 1939 

(316) Painter, E E Am J Physiol 129 744, 1940 

(316) Payne, S A and J P Peters J Clm Investigation 11 103, 1932 

(317) Peters, J P Body water, the exchange of fluids in man C C Thomas, "■ 

field. 111 , 1935 

(318) Peters, J P Harvey Lectures 33 112, 1937-38 

(319) Peters, J P Electrolyte balances in the obstruction of the gastromtestinal trac 

Symposia on Med Sci , Hmv Pennsylvania Bicentennial Conference, 1940 i 

(320) Peters, J P and associates Unpublished studies a 

(321) Peters, J P , H A Bulger and A J Eisenman J Biol Chem 67 166, 1926* 

(322) Peters, J P and A J Eisenman Am J Mod Soi 186 808, 1933 

(323) Peters, J P , A J Eisenman and D M Kydd Am J Med Soi 186 149, 1933 

(324) Peters, J P , D M Kydd and P H Lavietbs J Clin Investigation 12 689, 1933 

(326) PiOKFORD, M J Physiol 87 291, 1936 

(326) Pollack, H,E Flock, P MasoN.H E Essex and J L Bollman Am J Physiol 

110 102, 1934^ 

(327) PouLssoN, L T Klin Wchnsohr 9 1246, 1930 

(328) Priestley, J Q J Physiol 60 304, 1916-16 

(329) Ragan, C , J W Ferrebee, P Phyfe, D W Atchley and R F Lobb Am J 

Physiol 131 73, 1940 

(330) Ravdin, I S , C G Johnston and J L Morrison Am J Physiol 104 700, 1933 

(331) Rawson, R a Am j Physiol 138 708, 1943 

(332) Rehbebg, P B Bioohcm J 20 447, 1926 



ttateh exchange 


629 


;S38) RnoADs C P D D Vak Rltxe, A Hill«k ako A* S Alvtno Am J Pbyaiol 
110 1 S92, 1934 

[334) Kigiiabi>5 A K Ball N Y Ao&d Med li: 5 1938 

[335) Rioiahds A N 0 H Plant Am J Phyalol C9: 144 1922 

[836) Richabdb A N and O H Plant Am. J Phyiiol R 184 1922 

[837) RiCTTAitPfl A. N AND O H Plant Am J Physiol W: 191 1922 

[338) RiCHAKDeoN H B J Biol Chcm 67 307 1926 

[339) Robust F Arch exper Path uod Pharmakol 164:367 1932 
[840) RoBiotTaoN J D Xiancet 2 634, 1938 

[341) Robinbon £ A and E F Adolpu Am J Ph^'Biol 139 S9, 1943 
[843) Robinson F H Jb and L E Pass Ann Int Med 14 42 1040 

[343) Robt C C and C Pfbuteb Am J Physiol 135:591 1942 

[344) Rowntbbb LG J Pharmacol and Exper Thorap 29 135 1926 

[345) Rtdin H and E B Vrsnet Quart J Exper Physiol 27:343 1933 

[346) Saltlben H. A J Biol Cbem 40: 100 1910 

[347) Bchau:b O R. V Ebbbt and E A-. Stead Js Proc Soc Exper Biol and Med 

49: 1 1942 

[348) 8cnECHTBk,A J M K Gaby A L CAErEsnrai and D C Eaiibow Am J DIb 

Child 46 1016, 1933 

349) BcionDT C Charaotenatik der epldemlsehen Cholera gegenabor verwandten 

TransaadationaanomaliecD Eine phyBiologisch-chemiache Unterenohang 
Loipslg and Mltoa 1850 

350) Bcuohkhols L Arch Oyn&kol 138 590 1929 

351) ScHWASTX BMP K-SicrniAKDA W Wikxlbs 4jn J Phyaiol 137:658 1942 
353; ScfTwxUBB M R Gaunt N 7DrraN and W 0 Nelson Am J Physiol 132 

141 1941 

353) Shannon J A Am J Physiol U7 206 1936 

354) Shannon J A Am J Physiol 122 782 1938 

356) Shannon J A J Exper Med 76: 371, 1912 

356) Shannon J A J Exper hied 76 887 1942 

357) SrtABrET Saures E P and I Sciouhl Laneol 3 073 1939 

358) SiLTETTB H Am J Phyalol 128: 747 1940 

359) SuiMt F H J Physiol 78 81 1932 

360) SuiBX F H J Phyalol 78 113 1933 

[301) Suisk.F H j Phyalol 70: 127 1033 

[362) SuTTH A H AND L B Mendel Am J Physiol 68 : 323 1020 

,i53) SuTTH F M AND E M MacKat Proc Soc Exper Biol and Med 34:116 1936 

64) Sum H P JobQs Hopkins Hoep BuU 96:325 1925 

^A5) Buitii U P n R. Abnolu AND O Jl WMirrLE Am J Phyalol 66:336 1921 
.^6) Surra H W Quart Rev Biol 7 1, 1932 

, ^7) Surra H W The phyalology of the Iddney Oxford University Prcsa, New York 
1037 

[368) Surra H W Lectures on the kidney Unlrenuty of Kansas lAwrence 1943 
[3®) Surra H W H Cuasib IS OouiBiNa and II A Ranocs J Clicu InvoatlgatloD 
19 751 1940 

370) Surra H W W Qolurinu and n Cuabik J Clin Investigation 17 263 1938 

[371) Surra H W E A Rovcnstwe W Goloniko II CnAsia ano H A Ranges J 

Clin InvesUgatlon 16 319 1939 

[372) Surra P K andB W Walkeb J Pharmacol and Exper Therap 63:35 1938 

[373) Burra P K , A.W WiNxutn and Hu E How Anacsth^oiogy 8 823 1942. 

[374) Surra P K. A W WnnuxKANuB hLScawAKrz J Biol Chem 129: 51| 1939 
[376) Surra W W ,N Xinkeiatdin anp n W Surra J Biol Cbem 135 231 1940 

(376) SoDEUAN W A AKO G E Bunoi Am J Med Sol 194 S46 1937 

(377) BoDEBaniou G F aicdF F OoBois Arch Int Med 19 931 1917 



530 


JOHN P PETERS 


(378) SoLET, M H , J B Lagen and J C Lockhaht Am J Med Sci 196 88, 1938 

(379) Solomon, R Z , P M Hald and J P Peters J Biol Chem 132 723, 1940 

(380) Souogti.M j Biol Chem 90 731, 1931 , Arch Int Med 42 931,1928 

(381) SoMOGYi, M J Biol Chem 103 665, 1933 

(382) Stabling, E H J Physiol 19 312,1895-98, The fluids of the body TheHerter 

Lectures (Neis York, 1908) W T Keener and Co , Chicago, 1909 

(383) Stabuno, E H and E B Vernet Proc Roy Soc , London 97B 321, 1924-26 

(384) Stead, E A , Jr and J V Warren J Clin Investigation 23 279, 1944 

(385) Steggerda, F R Am J Physiol 132 517, 1941 

(386) Steiger, M and T Reichstein Helv Chim Acta 20 1164, 1937 

(387) Stewart, J D and G M Roubke J Clin Investigation 21 197, 1942 

(388) Strauss, H Klin Wchnschr 1 1302, 1922 

(389) Swann, H G Endocrinology 25 288, 1939 

(390) Swann, H G Am J Physiol 129 P477, 1940 

(391) Swann, H G and P E Johnson Endocrinology 24 397, 1939 

(392) Swann, H G and B J Penneb Endocrinology 24 263,1939 

(393) Swingle, W W ,W M Parkins, A R TatlobandH W Hays Am J Physiol 

U9 657,1937 

(394) Tainter, M L and P J BUnzlik J Pharmacol and Exper Therap 24 179, 1924 

(395) Talbot, J H andJ Michelsen J Clin Investigation 12 633,1933 

(396) Talbot, J H , L J Pecora, R S Melville and W V Consolazio J Clin In- 

vestigation 21 107, 1942 

(397) Thompson, W 0 J Clin Investigation 2 477, 1926 

(398) Thompson, W 0 , P K Thompson and M E Dailet J Clin Investigation 6 

673, 1927-28 

(399) Thomson, K J , A Hirsheimeb, J G Gibson, 2d and W A Evans, Jr Am J 

Obstet and Gynec 36 48, 1938 

(400) Thorn, G W and K Emerson, Jr Ann Int Med 14 757, 1940 

(401) Thorn, G W and L L Engel J Exper Med 68 299, 19^ 

(402) Thorn, G Wl. and W M Firob JAMA 114 2617, 1940 

(403) Thorn, G W ,H R Garbutt,F A Hitchcock and F A Hartman Endocnnology 

21 202, 1937 

(404) Thorn, G W ,H R Garbutt,F A Hitchcock and F A Hartjian Endocnnology 

21 213,1937 

(405) Thorn, G W , G F Koepf, R A Lewis and E F Olsen J Clin Investigation 

19 813,1940 

(406) Thorn, G W , K R Nelson and D W Thorn Endocrinology 22 166, 1938 

(407) Toth, L A Am J Physiol 119 140, 1937 

(408) XJnna, K and L Walterskirchen Arch exper Path und Pharmakol 181' 681, 

1936 

(409) Unna, K and L Walterskirchen Arch exper Path und Pharmakol 186 539, 

1937 

(410) VanCuba, A Arch Mai Reins 6 147,1931 

(411) Van Sltke, D D Factors affecting the distnbution of electrolytes, water, and 

gases in the animal body J B Lippincott, Philadelphia and Boston, 1926 

(412) Van Sltke, D D , H Wu and F C McLean J Biol Chem 66 766, 1923 

(413) Vasti, a Am j Physiol 102 60, 1932 

(414) Vernet, E B Proc Roj Soc , London 99B 487, 1925-26 
(416)ViALE,G Arch ital biol 63 321,1916 

(416) Vibscheh, M B Chemistry and medicine Univ of Minnesota Press, 1940 

(417) Walker, A M Am J Physiol 127 619, 1939 

(418) Walker, A M , P A Bott, J Oliver and M C MacDo-well Am J Physiol 

134 680, 1941 



■\\ \TER EXCHANGE 


531 


119) Walter V M A N Richabds C L Hudbok J Fikplet and R T KnrrTOv 

Am J Physiol 109 107 1934 

120) WANaENBTEHN O H The therapeutic problem in bowel obstmotlon* Chas C 

Tbomai! Springfield HI 1937 

121) Wattins a L and M Js !■ ulton Am J Physiol 133 281 19S8 

122) Weigh, A A E Qoirrrecjt and E B Reims J Exper Med 60 63 1034 

123) Wbech,A a M Wollstein and E Ooettscii J Clin Inrestigatlon 16 710 1037 

124) Wbib, E Q and a B Hastinob J Biol Chem 139 647 1930 

125) Wbib, J F Arch Int Mod 32 617 1923 

128) Wbib J F E L Larson and L G Rowntble \rch Int Med 29 300 1922 

127) Wells H 8 Am J Physiol 99 200 1931 

128) Wells H 8 Am J Pitywol 101 434 1932 

129) Wells H S Am J Physiol 180 410 1940 

130) Wells H 8 and R O Johnson Am J Physiol 109: 387 1034 

131) Wells H 8 J B YocuanbandD O Miller Jr J Clin Invcstigstion 17: 4®) 


ItKM 

M) Warn. H L Am J Pbyelol 118! 5 1837 

38) White H L and P IlEmOECiiEB Am J Ph,«io! 118! 276 1037 

31) White H L anu P Ueinbeceeiu Am J Physiol ISO 464 1840 

35) White J C M E Frauj and C K Dbineke Am J Phy»loI 103 34 1833 

38) Wies C II AjfD j P Petbbb J Clin InviaUgiition 16 83 1837 

37) WlimH WSJ Biol Chem 1281309 1839 

38) Wilde W S SoImob 98 202 1948 

39) WiiJHNSON B M AND R A McCakce Quart J Eipor Phyoloj 30 249 IWO 

40) WiiLSOH D M AND F W SoNDEBiiAN J Clin InToatigstion 18 35 1039 

41) WlNEB N J Arch Int Med 70 61 1942 

42) WDntiEB A W T 8 Danonski J R Elkinton and J P Petens J ain Invra 

tliaUon (in pim*) . , ni, 

43) WlNKUB A W J R Eluntos and A J Eibknuan Am J Phyuol 139l 239 

1943 

44) WINXLEK, A W J R Eleinton j Hoiteb Je and U E Horp J ab Invcrti 

guUon 23 103 1944 

45) WlHEDEB A. W AND P K Smith J Blol Chem 121i J® im 

46) WlNtmm A W and P K Sinra Am J Phy»lol ^ W 1W2 

147 WiNELEH A W P K SuithandH E Ropf j Clin InTeallenUona 207 jgjj 
48 wS.^ C E A. AND A P Gacoe Am J Phyalol 134i^ 19,1 

149 ) Winslow C E A L P nEMHNOTON and A P Gaooe Am J Pl,;,,!^ ,aii 1 

150) WlNS^ C E A L P nnmiNQTOV and A P Gaooe Am J PhyiJol yj, jgj 

161) WlN^ C A E G GbossandW H Inobau J Ei^r Med 67 251 lojs 

IS Wi^ C A-andW R INOBAH Am J Phidol 139.7 0 IW 

463) WiNTEmC A. W R InoeakandR.C 1» 700,1943 

454) WINT^^I^ C A W R INOBAM E Q GbobbandD G Sattieil EBdoennolosT2a 
465) WlHm C^A ,D G SattlbbahdW R Inoeau Am J Phynd la 3^3 ippuE 
:^Uolp.A V Am^j’-gllfnrchmn 123 295 1933 

li Tn^s c stTw j bio, chem 134.72. .940 




